Tricarbonylcyclohexadienyliron cations and their synthetic equivalents : preparations and reactions with silicon-based nucleophiles by Kelly, Lawrence Francis
I 
Tricarbonylcyclohexadienyliron cations and their synthetic 
equivalents: Preparations and reactions with silicon-based 
nucleophiles. 
A Thesis 
S u b mi t te d 1 n Part i al Fu l f i l men t 
of the 
Requirements for the Degree 
of 
.• 
Doctor of Philosophy 
by 
LAWRENCE FRANCIS KELLY 
Research School of Chemistry 
Australian National University 
CANBERRA 
JANUARY 1981 
I I 
DECLARATION 
I declare that the work described in this thesis is my own, 
except where specifically noted; and this work has not been sub-
mitted for any other degree or diploma. This research was carried 
out at the Research School of Chemistry, A.N.U., during 1978-1981 . 
. · 
I I I 
I wish to thank and acknowledge the following people; 
Professor A.J.Birch who, as supervisor, has been a wonderful 
guide throughout the period of this thesis. I have found it a privilege 
to work for such a fine scientist. 
Members of staff, research fellows and other students for helpful 
discussions; ,n partiuclar W.Raverty and A.S.Narula for useful suggestions 
and P.Dahler and T. -C . Khor for proof-reading. 
Various members of the technical staff for help with spectrometric 
measurements, especially O.Bogsanyi for his assistance with I.R. samples. 
A.N. U. for their award of a scholarship. 
Elizabeth Kirkwood for typing this thesis. 
And my wife, Carolyn, without whose help and support this thesis 
would not have materialised. 
IV 
Publications Related to this Thesis. 
Organometallic Compounds in Organic Synthesis. Reactions of 
some Tricarbonylcyclohexadienyliumiron complexes with 
Trimethylsilyl Enol Ethers. 
L.F.Kelly, A.S.Narula and A.J. Birch, 
Tetrahedron Lett., 1979 , 4107. 
Organometallic Compounds in Organic Synthesis . Electrophilic 
Reactions of some Tricarbonylcyclohexadienyliumiron complexes with 
Allyltrimethylsilanes. 
L.F.Kelly, A.S.Narula and A.J.Birch, 
Tetrahedron Lett., 1980, 21, 871. 
Organometallic Compounds in Or0anic Synthesis. Reactions of some 
Tricarbonylcyclohexadienyliumiron complexes with 1,2-Bis(trimethyl-
siloxyl)-l-cyclopentene. A novel route to 2-(Substituted)-2-
cyclopenten-l-ones. 
A.J.Birch, A.S.Narula, P.Dahler, G.R.Stephenson and L.F.Kelly 
Tetrahedron Lett., 1980 , 21 979. 
Organometallic Compounds in Organic Synthesis. An equivalent of 
Aromatic Nucleophilic substitution by Reactions of Tricarbonyl-
.-
cyclohexadienyliumiron salts with 0-silylated enolates. A novel 
arylation in the 2-position of carbonyl compounds. 
L.F.Kelly, A.S.Narula and A.J.Birch, 
Tetrahedron Lett., 19 80 , 21 , 2 45 5 
Accepted or sent for publication 
0 r g an ome ta l l i c Compo un ds i n Organ i c Syn the s i s . Pa rt 11 . . The 
Strategy of Lateral Control of Reactivity: Tricarbonylcyclohexadieneiron 
Complexes and their Organic Synthetic Equivalents. 
V 
A.J.Birch, B.M.R.Bandara, K.Chamberlain, B.Chauncy, P.Dahler, A.I. Day , 
I.D . Jenkins, L.F .Kelly, T.-C.Khor, G.Kretschmer, A.J.Liepa, A.S. Narula, 
W.D .Raverty, E.Rizzardo, C.Sell, G.R.Stephenson, D.J.Thompson and 
D.H.Williamson, Tetrahedron, accepted for Woodward Me morial Edition. 
Organometallic Compounds in Organic Synthesis. Part 10. Preparations 
and some Reactions of Tricarbonyl-1,3-and 1,4-Dimethoxycyclohexa-1,3-
dieneiron and related compounds: The Preparation of the Tricarbonyl-3-
methoxycyclohexadienyliron Cation. 
A.J.Birch, L.F.Kelly, and D.J.Thompson, J.C.S.Perkin I, accepted. 
Organometallics in Organic Synthesis: Tricarbonyl-(3-methoxycyclohexa-
2,4-dien-l-yl) iron (1+). A Synthetic Equivalent of the C-5 cation of 
Cyclohexenone. 
L.F. Ke lly, P.Dahler, A.S.Narula and A. J.Birch, Tetrahedron Letters, sent 
for publication. 
Tricarbonyliron Complexes of some Blocked Cyclohexadienes. 
A.J.Birch, B.M.R.Bandara, B.Chauncy, and L.F.Kelly, J. Organometallic 
Chem., sent for publication. 
-
VI 
Nomenclature and Conventions. 
For purposes of consistency complexes are named as derivatives 
of tricarbonyl-1,3-cyclohexadieneiron. Substituents attached to this 
unit are named according to I.U.P.A.C. conventions. The terms 11 inner
11 
or 11 outer 11 diene protons are sometimes used and these refer~respectively, 
to the protons attached to C-2 and C-3 or C-1 and C-4 of the 1,3-diene 
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ABSTRACT 
This thesis deals with the description of tricarbonylcyclohexa-
dienyliron cations as organic synthetic equivalents. Methods are dis-
cussed for the preparation in pure form of various substituted cations 
with an emphasis on those containing the methoxy group, since such salts 
can be considered equivalent to either aryl cations or positionally and 
sterically defined cations of 2-cyclohexenone. 
Some of the general methods discussed are applied to the preparation 
of cations from di-substituted cyclohexadienyl complexes of iron in which 
at least one group is OMe, with the result that a practicable preparation 
of the desirable 3-0Me cation has been forthcoming. The reactivity of 
this cati·on is quantitatively compared with that of a range of other 
functionalised cyclohexadienyliron cation salts. 
Synthetically useful reactions of tricarbonylcyclohexadienyliron 
cations with some silicon-based nucleophiles are presented and mechanistic 
details are discussed. Conversion of the products of this latter reaction 
to aromatics or cyclohexenones completes the synthetic equivalency earlier 
mentioned and provides a novel and quite general route to a-arylated 
carbonyl compounds. 
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1. 
I . 
Transition metals are widely recognised as having a special place 
in organic synthesis. The ability of their compounds to carry out a 
wide range of highly selective chemical transformations, sometimes in 
a catalytic manner, has made them an appealing addition to the organic 
chemists armoury of synthetic methods. The development of the role of 
these reagents in synthesis has meant the bringing together of inor-
ganic and organic chemists in continuing attempts to enrich their 
knowledge and understanding of both the basic principles involved and 
also the realisation of the potential applications. An ultimate goal 
will be the controlled use of such metals as organisers of reactions by a 
template type approach which has much in common with the principles of 
enzyme activity. Further to this are the industrial requirements of 
the future and not unimportantly the petrochemicals industry from which 
it is to be hoped that alternative energy sources will emanate. Organo-
transition metal chemistry will undoubtedly provide a vehicle by which 
improved efficiencies and novel technologies will become available. This 
wide diversity of possible applications is a reflection of the breadth 
of accumulated data and knowledge in this field. 
The entire area can be broadly viewed from two points: the metal 
atom, its reactions and µ~operties and how these vary with position in 
the periodic table; or alternatively and of more direct interest to 
the organic chemist, the possible uses of changes i-n organic reactivity 
in systems complexed with such atoms. A combination of both strategies 
would represent the ideal situation, but it is my intention in this 
report to deal mainly with the latter. 
Also, while I recognise that o-bonded organometallics play a maJor 
role in the aforementioned areas of chemistry, consideration will bear 
heavily upon ~-bonded species, and, more particularly, upon coordinated 
cyclohexadiene and its derivatives. Furthermore, attention will be 
2 . 
f,ocused on iron since its ready availability makes it relatively 
inexpensive as a reagent and it is also attractive 1n being easy to 
add as Fe(C0) 3 and to remove. 
The parameters governing the usefulness of organo-transition 
metal complexes in synthesis have been well defined, (l) as have indi-
cations of their abilities to perform chemical transformations. (2) 
To help realise their potential usefulness as reagents, this report 
will put emphasis, later, on the different routes available for obtain-
ing readily and in states of purity a wide range of structural types of 
' (cyclohexadiene)Fe(C0) 3, particularly of the related cyclohexadienyl 
cations, and will attempt to submit general principles which may act as 
guidelines for the preparation of such complexes. This has additional 
important overtones since it is necessary to distinguish between the 
use of these complexes as reagents from available materials and as steps 
at advanced stages of a long synthesis. The latter requires correct 
conjugated dienes or the possibility of isomerisation to one maJor 
product while the former could sustain loss of yield due to the need 
to separate isomer mixtures. This point will be elaborated upon later. 
11 . 
Tricarbonyl(l,3-cyclohexadiene)iron(O) (1) was first prepared 
.• 
(oc) Fe f 
3~ 
CD ( 2) 
3. 
by Hallam and Pauson( 3) during a reinvestigation of the work of Reihlan 
~ tl· (4) who had reported the preparation of tricarbonyl(butadiene)-
iron(O) (2). It was concluded that the diene must hold an s-cis-
conformation and later X-ray studies( 5) located the iron atom above the 
plane of the organic ligand, approximately equidistant from each of the 
diene carbon atoms. 
The position of the metal with respect to the diene plays a maJor 
role in the organic chemistry of these complexes by differentiating en-
tirely one face from the other. This lateral attachment of the metal can 
be used to promote stereoselective reactions at the same face (S-face), 
by initial interaction with the Fe(C0) 3 system followed by intramolecular 
transfer e_.g. protonation( 6) (see Chapter 2); alternatively the related 
n5-cations can be prepared by specific removal of a hydride from the face 
of the diene opposite to the metal (a) for reasons of steric hindrance. 
The bulk of the metal can also influence the stereochemical outcome 
of reactions at closely attached systems as demonstrated by the reduction 
of the 3-keto group of the egosterol complex to give only hydride addition 
from the face opposite to the metal(?). This may be compared with the 
hydride reduction of tricarbonyl(l-indanone )-chromi um(O) which also 
produces a specific alcohol(B). 
3 2 
!:j 
(CH2)n 
(]) 
Fe 
,,:., ... , 
fl' , I ' ' 
,' ' . ' ...... 
,,' ,/ : \ ', ... 
,' ' . .. 
.__ __ .., _ -
1. . 
(&) 
3 2 Fe 401 
( Fe ) 
(CH 2)n 
(4) w 
7+ 
4. 
The influence of the metal carbonyl group on the electronic nature 
of the coordinated diene is marked. Although there is some conflicting 
evidence for the exact nature of the bonding between metal and diene, 
structure (4) is probably more accurate than (3) even though the 
Fe-C(l) bond distance is slightly greater than Fe-C(2) and 1H and 13 c (C-1,4) 
chemical shifts( 9) show more sp3 character than sp 2 . The total 
structure is more closely represented by(~) since an important feature 
of the bonding in these co mp lexes is the back donation of electron 
density between the metal and dienes as well as between metal and carbonyl. 
The complexes obey the 18 electron rule(lO) in that each carbonyl supplies 
2 electrons, there are 2 sets of ~-electrons together with 8 bonding 
electrons on the metal. In contrast to this valence bond picture a cotn-
plete molecular orbital approach to the bonding in complex (l) has been 
published by Hoffmann. (ll) 
Wh . 4 l ereas 1n n -comp exes s u ch as (_~ ) the me ta l i s f o r ma 11 y b on de d 
to four carbon atoms, n5-cations e.g. (6) are simultaneously bound at 
five carbons by the metal. The positive charge is shared not only 
among the diene carbons but also by the metal carbonyl systetn. This 1s 
reflected by the shift to higher wavelengths of the infra-red stretching 
frequencies of the carbonyl ligands, ca. 1960 and 2050 cm-l for the neutral 
-
complex to about 2060 and 2110 cm-l for the cationic complexes. 
The net effect of the diene being bound to the metal in this manner 
1s that normal diene reactions are no longer observed. For instance, 
coordinated 1,3-dienes do not no rma lly participate in Diels-Alder 
reactions. (3) A step-wise Di els-Alder reaction has been observed for an 
Fe(C0) 3 diene complex in which the intermediacy of o-bonded iron species 
was su ggested ,(l2) but this is not classed as a norma l -reaction of a 
diene . ThP como l exrd dienes are also resistant to catalytic hydrogena-
tion(]) and 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) does not effect 
5 . 
dehydrogenation. (l 3) This increased stability, gained by complexation 
is due, as men tioned earlier, to the abi lity of the diene to donate~-
electron density to suitably arranged vacant orbitals of the metal while 
at the same time the metal is able to enter into a back-bonding system 
with vacant anti-bonding orbitals of the diene. Ancillary ligands 
attached to the metal can influence the degree of back-bonding between 
metal and olefin and can therefore influence the reactivity of the co-
ordinated diene. Surprisingly, however, the consequences of changing 
from carbon monoxide to say triphenylphosphine on the reactivity of the 
complexed cyclohexadiene have been hardly explored. (l4) 
Amongst the major features of this bonding system is the ability of 
the Fe(C0)
3 
group to stabilise otherwise unstable molecules. (la) 
Examples include cyclobutadiene, cyclohexadienone and norbornadienone. 
The last example represents a complex between tricarbonyliron and a 
non-conjugated . diene. Wherethe system permits, 1,4-dienes normally become 
conjugated during the complexation process, especially in the cyclohexa-
diene series, and the consequences of this will be discussed later (see 
also Chapter 2). The trapped reactive species such as those just men-
tioned can often be released and reacted in situ e.g. equation[l]. (lS) 
( OC) Fe 
3 
0 + 
Ce IV 
0 
0 ------ fl l 
6 . 
Furthermore the Fe(C0) 3 group can be used as a protecting group for 
a diene moiety which may be part of a molecule possessing other function-
alities. Examples of this can be found in Corey's synthesis(l5) of the 
prostaglandin PGC2, the steroid example mentioned earlier, or in the 
terpene series(l7) shown in equation [2] . 
.... 
-----[2] 
Diene complexes of Fe(C0) 3, such as (l), are protonated specifically 
on the B-face of the molecule, the reaction proceeding by attack first 
at the metal then by internal transfer of the proton. The use of 
deuterated acid confirmed the specificity and also revealed a large 
kinetic isotope effect; KH/K 0 was found to be 27 in cis- to trans isomeri-
. f 4 d. .- l ( 18 ) 0 h 1 h · 1 h h sat1on o an -penta 1ene comp ex. t ere ectrop 1 es sue as t e 
acylium ion also appear to react only by S-attack although the issue here 
is complicated by isomerisation of the S-product to the a-isomer, by 
enolisation, which is presumably the thermodynamic product. (l9) 
The n5-cation (&) which can be obtained by hydride removal from the 
neutral complex (~), was first reported by Fischer(ZO) and soon after by 
Wilkinson_(Zl) This stable complex was shown to react with nucleophiles 
such as cyanide and rnethoxide to regenerate neutral complexes. (22 ) 
Birch and co-workers demonstrated the reaction of this cation, and also 
of the methoxy derivative (7), with a series of carbon nucleophiles 
7. 
derived from 1,3-dicarbonyl compounds. (23 ) At the same time Pauson 
reported the reaction between the unsubstituted cation l§_) and malonate 
. (24) 
,on. 
Being mesomer1c 1n nature, tricarbonyl(l,3-cyclohexadienyl)iron 
cations can react at either terminus as well as at the central position 
(C-3). That reactions at C-3 are not observed in this series (although 
1n larger rings and/or with different metals( 25 ) reactions are observed 
at the central position of a n5-cation) is presumably due to the fact 
that a 1,4-diene would result which is not stable in the cyclohexane 
ring when coordinated to iron. Reactivity at alternative termini of 
unsymmetrically substituted cation complexes is dependent on the nature 
and position of the substituent(s). A quantitative assessment of some 
substituent effects is given in a later chapter, but it is sufficient 
to say at this stage that in a simple 2-substituted dienyliron cation 
like (7) attack by nucleophiles takes place predominantly at C-5. (26 ) 
The stereochemistry of nucleophilic attack on the metal-stabilised 
cyclohexadienyl cations is more predictable in the sense that those 
nucleophiles capable of adding reversibly can undergo either a- or B-
addition under kinetic control a~though the ratio of products finally 
observed may be the result of equilibration. Kinetic attack at the B-
face would be expected to oe slower on steric grounds than a- attack 
provided there is an absence of favourable interaction with metal or an 
anci 11 ary ligand. The ratio observed( 27 ) for the reaction of the unsubstituted 
cation (6) with methanol (60 B:40a ) suggests some type of interaction be-
tween OMe and Fe(C0) 3 although the exact nature 1s not known. Lewis(
27 ) 
and others(ZS) have suggested an initial attack of OMe at the carbonyl 
group to form an ester type of intermediate with subsequent intramolecular 
transfer of OMe to the nearer (B-) face. However, this does not satis-
factorily explain the observed thermodynamic ratio which can be arrived 
at by acid-catalysed equilibration and which presumably proceeds by 
reformation of the cation. (Z 3) 
8. 
Reactions of the cations with carbon nucleophiles are generally 
irreversible and proceed stereospecifically at the a-face. The 
stereochemistry has been proven in several cases by X-ray analysis(l9) ,( 29 ) 
and a more convenient method for determining a- or B- products, based 
on 'H n mr chem i cal s h i ft s , h as been de vi s e d on the b as i s of the s e res u l ts . ( JO ) 
It is also important to note that addition of Fe(C0) 3 to a substi-
tuted (prochiral) diene renders a complex capable of existing as enantio-
mers. Likewise, a fully resolved salt derived from such complexes will 
undergo reaction with a stereospecific nucleophile with formation of a 
fully resolved asymmetric centre. Thus the overall role of the Fe(C0) 3 
group in this instance would be as a (temporary) appendage which allows 
stereospecific transformations by a process now termed lateral control. (la) 
The synthesis by Kishi(Jl) of tetrodotoxin in which only one (concave) 
face of the molecule is available for reaction has a similar concept. 
Tricarbonylcyclohexadienyliron cations and their synthetic equivalents 
The concept of synthetic equivalents provides a graphic means of 
representing partial structures which by reaction, or series of reactions, 
constitute, in combination, a convergent synthesis of a larger molecule. 
The fragments displayed are generally anionoid or cationoid in character 
although other precursors to different C-C bond forming processes may be 
represented. Corey's formc{lisation of retro-synthetic analysis has intro-
duced terms such as 11 synthons 11 and "synthetic equivalents" into organic 
chemistry to such an extent that hardly a convergent synthesis is pub-
lished without mention of these terms. (32 ) 
Together with this a re the ideas of reverse polarity ( "umpo lung") , ( 33 ) ' ( 34 
latent functionality( 35 ) and masking of organic groups( 36 ) all of which are 
contrivances designed to aid more direct and often more specific syn t heses 
of complex moleucles. 
The application of these notions to organometallic chemistry means a 
widening of the available range of useful molecular fragments. This is 
9 . 
especially true when one considers the plethora of known organometallic 
compounds: but this is of course not the case because only those which 
undergo C-C (or C-0,S etc) bond forming reactions can be considered. In 
this catagory are the transition-meta l stabilised carbonium ions which 
again can be further sub-divided into those which give reaction with 
nucleophiles at the organic ligand i.e. desirable, and those which react 
with nucleophiles at another site, perhaps for example at the metal. (Z 5) 
For the former group to be entirely useful new bonds to the organic ligand 
must be formed rather than bringing about deprotonation for example. 
Tricarbonylcycloh exadienyliron cations genera lly rr€et these requirements 
and can be considered as valuable synthetic intermediates by relating 
their structures to desirable synthetic equivalents. 
Reactions of these cations with a vast range of anionoid reagents, 
including heteroatom and both hard and soft carbanions,lead to new 
bonds with the controls earlier discussed. 
Thus the first step in describing mono substituted Fe(C0) 3 cations 
a~ synthetic equivalents takes the form of reaction with a nucleophile, as 
shown below: 
R k 
I 1+ -- I 
( OC) Fe • (OC) Fe ~ (OC) Fe 3 3 3 
:;'111 Nu '''EB 
(¾), R=Me ( Ll)' R=Me (£1)' R=Me 
l2 ' R=co2ne ( 14) , R=co 2~1e 
(g)) R=C02Me 
R 
l+ ,,,,Nu ,,,,EB 
{OC)
3
Fe ~ ( OC) 3 Fe 
( 10) , R=Me ( 15) , R= 1e ( 2 3) , R=Me 
(1) , R=O~ e ( 1§) ' R=Otie (~)' R=O ~e 
10. 
R 
7+ R R 
( OC) Fe (OC) Fe ~ ( OC) Fe • 
3 3 
3 
''
1 Nu '''EB 
(I) ( 17) ' R=Me : 2 5) , R=Me 
( 12) 
l+ 
( 11) , R=Me 
( 12) , R=OMe 
( ~)' R=OMe 
, ~ 
'
1,Nu 
(19), R=Me 
( 20) , R=OMe 
-
(OC) Fe 
3 
lf§)' R=OMe 
(L7), R=Me 
(28), R=OMe 
Of the equivalents noted here only pure examples of(~) and(~) 
are m1ss1ng in practice. The ambiguity associated with the 2-substituted 
cation is not usually a problem when R = OMe, but when R = Me mixtures 
0 
can result depending on the nature of the nucleophile;l(b) CN gives 
(}i, Nu= CN) and (Q, Nu=- CN) while malonate gives only (17, Nu= 
CH(C0 2Me~. The sterically defined formation of the new C-Nu bond means 
that if the cation is resolved then the newly forrred asyrrmetric centre 
will be stereochemically controlled by the degree of resolution of the 
cation. This cannot be said, however, for the symmetrical cations (11) 
and (12). 
This leads on to the next step in equating cations of the tyµcs (]_) -
(12) with the pure organic synthetic equivalents. Removal of the metal 
from (fl.) - (£§) gives such equivalents, without rearrangement products, as 
shown (see Chapter six). 
11. 
R 
R 
,,,..m 
( OC) 3 Fe 
-
R 
(~), R=Me 
( 30), R=C02Me 
R 
R 
ID 
~''" 
( 31) , R=Me 
( 32) , R=OMe 
(33), R=Me 
, ~), R=OMe 
( 35) , R=Me 
(~), R=OMe 
12. 
Thus tricarbonylcyclohexadienyliron cations (2} - (.!f) are re-
lated to the otherwise difficult to obtain diene cations (.f.2) - (1§.) by 
a 2-step process involving nucleophilic addition and metal removal. 
Further transformations of (1.2) - (36) can now be imagined to generate 
other intermediates but we have chosen( 37 ) to extend the series to a 
dehydrogenation step leading to aromatic compounds with a defined 
positively charged site and note that in the cases of (1§), (il) and (42) 
this ,s equivalent to a reversal of normal reactivity patterns. This 
step ,s set out below. 
R 
.. 
Y///{jj 
R 
~,,,(l) 
~ 
-
R 
EB 
( 3 7) , R=Me 
-( 38) , R=C02Me 
R 
EB 
( • 1c ) 
J J ' R - ['IC 
-( 40) , R=OMe 
(!l:), R=r.1e 
(~), R=m1e 
¢ 
t E) , R=Me 
( OC) Fe 
3 
( OC) Fe 
3 
( 38 ) , k=OMe ( or CO2 Me ) 
R 
1+ 
l+ 
k 
l "l 
13. 
This last step removes any stereochemical features which may have 
resulted in the nucleophilic addition reaction. Resolved cations are 
thus not a requirement for this overall process. 
Some further comnents can be made regarding the synthetic equivalents 
of cations (7), (12) and (43). Firstly,the 1-0Me cation is readily con-
verted to the dienone (44) by simple hydrolysis. This complex can act 
as an aromatic equivalent by reaction at the ketone group followed by 
aromatisation as in Scheme (1). ( 33 ) 
OMe-7+ 
( 43) 
0 
- ! 
R 
• 
Scheme 1 
Secondly, as mentioned, the 2-0Me cation reacts usually at C-5 
selectiyely, an exception being the reaction with alkyl lithium . 
14. 
For all other nucleophiles so far examined, (2) can be regarded solely as 
the equivalent of(~). Now, . a rather obvious option to dehydrogenation 
,s hydrolysis of the enol ether making cation (7) the equivalent of (-1§) 
as well as (42) by the processes mentioned. Similarly (12) can be 
equated with (38) or (46) depending on the reactions accorded to it. 
Meo 
(~) 
t 7) ( 34) 
l45) 
~ Meo 
( 38) 
MeO 
( 12) l 36) 
--
( 46) 
This ambident equivalency of MeO cations such as (7) or (l.£) 
and the synthetic potential of the arylation procedure will be described 
in a later chapter with examples centred on reactions with silicon 
based nucleophiles. 
There is no reason not to describe other organometallics in terms 
of synthetic equivalents provided that, as noted earlier, they can be 
15. 
related to useful metal-free species. For instance, simple olefins 
coordinated to Fp+(Fp = cyclopentadienylirondicarbonyl) react with a 
variety of nucleophiles to produce a-bonded iron species which are 
readily cleaved to leave the free organic ligand [equation 3]. (39) 
• 
.. 
( 1]) 
----- [3] 
Thus the complex (47) could rightly be considered as being an qu1va-
l en t o f (.i§. ) . 
,47) (48) 
-
In this wo.y u host of olhcr cciuivulc11ts, based on trunsiLion 
metal complexes can be visualised, some are given in Table 1 
CO MP LEX 
~ I 
M 
R 
7+ 
7+ 
Mn(CO) 3 
R 
Cr (C0)3 
--
16 . 
EQUIVALENT REFERENCE 
TABLE 1 
~+ (41) M= Pd[P(Ph) 3J2 
(42) M= Fe(C0) 3 
~I+ (4 3) M= Fe(C0) 3 
-==-\ (44) 
R @ (45) 
R @+ (46) , (47) 
17. 
RE FE REN CE 
COMPLEX EQUIVALENT 
+ 
@ (4s) M= Cr(C0) 3 
0 0 
+ 0
11 
(49)M = Fe(C 0) 3 
M 
I I 
M 
( 5 0 ) tv\ = Fe ( CO ) 3 
TABLE \ (Con t.) 
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Since these stable cations can provide easy access to carbon-carbon 
bond formations with sterochemical control, and since such formations 
are the very hub of synthetic organic chemistry, then these salts 
represent, in terms of synthesis, the major potential in this sphere 
of organometallic chemistry. A full usage of these compounds in organic 
synthesis can only be obtained by gaining a greater insight and under-
standing of the factors controlling their formations and reactions so 
that predications of reactivity can be made. It is thus essential to 
+ begin any study of (diene)Fe(C0) 3 or (dienyl)Fe(C0) 3 x- systems by 
defining efficient routes of synthesis to specifically substituted 
complexes. Those routes which provide a general pathway to such com-
plexes will be emphasised while routes which are of interest but which 
provide only a particular complex will also be mentioned. Methods for 
producing optically active complexes will also be discussed. 
I I I 
Preparation of Specifically Substituted Complexes 
At the outset of this discussion I note two possible approaches to 
the desired target of a homogeneous complex. Firstly, the 1,3-diene 
ligand can be prepared and subsequently complexed in such a manner as 
.• 
to exclude the possibility of mixtures due to double bond migrations 
and so circumvent the need for separation techniques. Secondly, and 
more commonly, use can be made of the ready availability of 1,4-dienes 
from aromatics and the fact that generally such dienes undergo isomeri-
sation to a conjugated isomer or isomers during the complexation process. 
Further manipulations are then often needed to separate mixtures of com-
pounds and these will be described. The preparation of specifically 
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substituted dienyl cations depends to an extent on the isomeric purity 
I 
of the starting diene complex, but not entirely. Direct applications 
of each of these approaches are given in Chapter two. 
IIIa. Preparation of Complexes from a Suitably Uniform Diene 
(i) The complexation of a 1,3-diene 
The interaction of a 1,3-diene with an iron carbonyl e.g. Fe(C0) 5 , 
Fe2(C0) 9 or F8J(C0) 12 , to form the complex, (diene)Fe(C0) 3, generally 
means that less harsh conditions can be employed experimentally than for 
the corresponding reaction with a 1,4-diene. It also means that the 
product corresponds to the starting diene without products arising from 
isomerisation. Once complexed the normally highly reactive conjugated 
dienes are rendered somewhat more 11 sedate 11 • The need arises therefore 
to be able to prepare these dienes and having achieved this, to cause 
them to react with a coordinatively unsaturated iron carbonyl species 
[jnost likely Fe(C0) 4 generated by mild heat (for Fe2(C0) 9 or Fe 3(C0) 12 ) 
or photolysis (Fe(C0) 5 , and Fe 3(C0) 12 D. Alternatively, use can be made 
of the olefin transfer reagents such as the commonly used benzylidenace-
toneiron tricarbonyl (49) which is prepared from benzylideneacetone and 
Fe(C0) 5/hv in 60% yield. (si; In this reaction the enone complex is 
treated with the conjugated diene (usually an excess) in refluent toluene 
or benzene. As an example, 1,3-cyclohexadiene when treated with (~) 
gave the corresponding tricarbonyliron comple}(· (1) in 95% yield.(Sl) 
Ph~ 
+ 0 
(OC) Fe 
3 
(1_2) \ 1) 
Surprisingly few procedures exist for obtaining 100% pure 1,3-
cyclohexadienes - any . one involving mesomeric cations leads usually to 
mixtures. In view of the lack of general reviews covering the synthesis 
of l,J-cyclohexadienes and also because of their potential i mportance to 
future work in this area, a review of their methods of preparation was 
carried out. Some of the superior ones are given below. 
(ii) 1,3-Dienes via dehydration or elimination of R2NH 
In some instances highly reactive 1,3-dienes have been prepared and 
complexed in situ. One case involved a dehydration [equation 41 of an 
allylic alcohol while another utilised the ready loss of an allylic alkyl 
amine ~quation 5] to generate the diene. (52 ) In the latter example no 
steric conditions (cis or trans) were defined for the substituents. 
The presence of an allylic hydrogen in equation f4l results 1n a lowerin g 
of yields because of isomerisation to the unstable enol. 
Although the principle of~ situ dehydration/di ene formation/complexa-
tion is sound, severe restrictions are evident in the case of cyclohexa-
diene complex formations. As well as the problem of an allylic hydrogen 
shift, there is the possibility, in the parent cyclohexene alcohol at 
least, of 1,4-dehydration occuring via a mesomeric carbocation inter-
rredi ate. 
-· 
Feico)9 
CuS04 
0 c6H6 ,so 
-- - --[ 4 ] 
R 
- -- - - _[ 5 J 
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Regioselective dehydrations have been reported to yield both symmetri-
callyand unsymmetrically substituted 1,3-dienes using such reagents as 
dimethylformamide di-neopentylacetal [equation 6]( 53 ) or phosphonium 
salts ( 54 ) 
( i ) .. 
Me 
H OH 
-----[6] 
( i ) 
Since the allylic amines required for equation [5] are prepared 
usually by a Diels-Alder reaction, this method is generally useful for 
preparing 1,3-dienes substituted at the 1-position by an electron with-
drawing group. (55 ) 
(iii) 1,3-Dienes from a, B-unsaturated ketones 
The use of tosylhydrazones as 1,3-diene precusors has been recently 
reviewed. (56 ) Moderate to q~antitative yields can be obtained by the 
reaction of an excess of an alkyl lithium with tosy hydrazones of a ,B-unsa-
3 turated ketones possessing a hydrogen bound to an a 1 -sp carbon atom. A 
representative example is given in equation P J. 
N.NHTs 
Rli 
---- [7 ] 
22 . 
This procedure could conceivably provide a route to such complexes 
as tricarbonyl(l- or 2-methylcyclohexa-1,3-diene)iron, in a state of 
purity. These complex.es are produced as a mixture during the direct 
complexation of 1,4-dihydrotoluene. (23 ) 
Another route to the 1,3-dienes required for complexation under 
non-isomerising conditions and still based on ketonic starting materials 
is via ketone enols. 2-Cyclohexen-1-one can be converted into either 2-
or 1-tri methylsiloxy-1,3-cyclohexadiene depending on whether kinetic or 
thermodymamic deprotonation conditions are applied [equation 8] . This 
is a particularly useful sequence since the 0-substituent can be used as 
a II h an d 1 e II for s u b seq ue n t re a c ti on s . 
0 
TMSO thermodynamic OTMS 
--
------- [8j 
The question of kinetic versus thermodynamic control in enolate 
formation has been recently discussed . (57 ) Some cyclic siloxydienes, 
(38b) 
such as those just mentioned, have been prepared in this manner and 
subsequently complexed with Fe(C0) 3. These latter complexes readily 
2 3. 
lose the silicon substituent to generate cationic complexes 1n high 
yields when treated with acid. 
In principle then a variety of trimethylsiloxydienes are available by 
this route since substituted 2-cyclohexne-1-ones are frequently available 
either commercially or by straightforward routes~ 58 ) 
The reaction of acyclic a ,S-unsaturated ketones with Wittig-
type phosphoranes of general formula (50; R
1 
is generally phenyl; R2 
may be H, alkyl but most commonly carboalkoxy) leads to 1,3-cyclohexadienes 
carrying the R2 group at the 1-position. (59 ) Alkyl substituted 1-carboal-
koxydienes are readily prepared in this manner. The proposed mechanism 
is outlined in Scheme 2. 
0 p RI 
R3 
I 3 
R3 r 
+ .. 
R4 
PR' 
R4 R5 R2 
3 
H RS 
( 5 0) R2 
j 
R3 R3 
-
~o 
R4 R4 
R5 
R5 
R2 
SCI IEME 2 
Substituents on the butadienylphosphorane expand the generality of 
this approach which has been recently extended to heteroatom substituted 
butadienylphosphoranes to prepareJfor example,ethoxycyclohexadienes.(SO) 
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(iv) 1,3-Dienes from aromatic compounds 
The Birch reduction of aromatic compounds provides 1,4-dienes as a 
result of kinetically controlled protonation of the intermediate anion.( 6 l) 
Many of these dienes can be brought into conjugation by a variety of 
methods, some catalytic. Bases such as KOBut/DMSO or NaNH 2/NH 3 have 
b d t Ef t h • • • (62 ) l • 11 h 1 een use o er ec sue 1somer1sat1ons. Cata yt1ca y, met oxy- ,4-
cyclohexadienes have been isomerised using Lewis acids,( 63 ) dichloro-
maleic anhydride,( 63 ) or Wilkinson~ reagent,( 64 ) the exception being in the 
case of 1-methoxy-5-methyl-1,4-cyclohexadiene for which the more stable 
s-trans heteroannular diene is isolated (see equations [9] and [10]). 
OMe OMe 
-------r g 1 
Me Me 
OMe OMe 
------[ 10] 
Me 
--
1-Methoxy-1,4-cyclohexadienes usually isornerise via the 11 swivellin~t of 
the double bond around the carbon carrying the methoxy group. An 
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equilibrium concentration of the conjugated diene is formed, although 
reactions can be driven to completion when the diene is used 1n Diels-
Alder reactions by carrying out conjoint in situ isomerisations and 
reactions . \ 6 3) ' ( 6 5) 
Hydrocarbon dienes are more difficult than the enol ethers to 
isomerise by these methods and are often liable to undergo dehydrogenation 
and disproportionation with strong bases. (66 ) 
Despite l-carboxy-1,3-cyclohexadiene being the more stable isomer, 
l-carboxy-2,5-cyclohexadiene is obtained by Birch reduction of benzoic 
acid, and isomerisations based on anion formation give the l-carboxy-2,6-
diene. The unsubstituted, as well as alkyl or methoxy substituted, 
dihydrobenzoi _c acids can be prepar~d and isomerised in a convenient one-
pot reaction. (67 ) Conversions of 1,4-dienes derived from benzoic acids 
to 1,3-dienes by anion formation are usually very high. 
The metal ammonia reduction of anilines represents a special case 
in terms of isomerisation of 1,4- to ·1,3-dienes. Thus, the compounds 
obtained by normal work-up of the Birch reduction products derived from 
N,N-dimethylaniline or N-phenylmorpholine are the conjugated dienes( 6S) 
(see Chapter two) . This is thought to occur by virtue of the nitrogen 
acting as an internal base in promoting the hydrogen migration in the 
-
initially formed 1,4-diene. Conjugated dienes are also obtained directly 
(i.e . after distillation) in cases where substitutents are present, 
exceptions being 2 ,6-di methyl , 3-methyl ( i someri ses to the exocycl i c 
diene) and 2-methoxy N,N-dimethylanilines. 
(v) Pre-conjugation of a 1,4-diene for the complexation reaction 
Having prepared the desired diene, the complexation process should 
proceed without difficulty, in terms of isomer formation. The advantages 
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of conjugation prior to complexation are demonstrated in the following 
two examples. First, conjugation (NaNH 2/NH 3) of 1,4-dihydro-2-methoxy-
tetralin (~) followed by complexation (Fe2to~;c6H6/80°) gave an improved 
yield of the complex (52) as compared to the direct complexation of the 1,4-
diene which required more forcing conditions and which gave a mixture of 
products, lequation 11]. (6Zc) 
OMe 
( 51) 
-
OMe OMe 
MeO MeO 
fe(CO) 3 
( 5 3) -
( 54) 
MeO 
+ 
(55) 
(~) ----- [ll] 
(2§.) 
______ [12] 
Secondly, and more conclusively, it has been demonstrated (Chapter 
two) that reaction of a conjugated diene with an iron carbonyl can lead 
to a complex in good yield which can only be obtained in very low yield 
when direct complexation procedures are applied to the corresponding 
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1,4-diene. Thus, treatment of l,5-dimethoxy-1,4-cyclohexadiene (~ ) 
with Fe(C0) 5 in refluxing di-n-butyl ether leads to only a poor yield 
(<10%) of the 1,3-dimethoxy complex(~) [equation 12] together with 
substantial amounts of demethoxylation products (~) and (56). However, 
if the 1,4-diene is treated with base (NaNH 2/NH 3 or KOBut/DMSO) prior to 
complexation (FeC05/n-Bu20/140-150°C) a greatly improved yield of the 
complex (.?.i) (40-45%) is obtained and with little or no demethoxylation 
side products. 
Conversely , however, the 2-methoxy complex(~) is available by 
direct and not by intermediate conjugation (even though separation is 
needed). (lb) 
IIIb Preparation of Pure Complexes by Separation of Mixtures 
It is possible, with the defined preparations of 1,3-cyclohexadienes, 
to obtain specifically substituted tricarbonyl-1,3-cyclohexadieneiron 
complexes by methods earlier described. However, it is often more 
feasible to react the more readily available 1,4-cyclohexadienes directly 
with iron carbonyls and to separate mixtures of products if formed. In 
view of this the following section is divided into three catagories; 
(i) the complexation process for a 1,4-cyclohexadiene, 
(ii) separation of complexes by direct methods, 
(iii) separation of conwlexes by indirect methods, 
liv) chiral and optically active complexes. 
(i) The complexation process 
Using deuterium labels, Alper( 69 ) was able to demonstrate that the 
complexation of 1,4-cyclohexadiene proceeded via a tricarbonyl-n-allyl-
hydridoiron intermediate. Thus the tetradeuterated diene (2Z) was con-
verted into the conjugated diene complex with deuterium at positions shown 
(58). The same result was found in a related rhodium-1,4-cyclohexadiene 
complex. (70) 
28. 
The first step in the complexation process 1s the formation of a 
coordinatively unsaturated iron carbonyl species, probably Fe(C0) 4 (16 
electron system) although recent work on pentacarbonyliron-promoted 
olefin isomerisations has suggested that in some cases the 14 electron 
Fe{C0) 3 species may well be generated. (ll) If Fe{C0) 4 is the reacting 
species then the next step should be formation of a mono-olefin 
tetracarbonyliron complex (18e system). This is followed by transfer 
of an allylic hydrogen to the metal to form a n3-allyliron co mplex. These 
latter complexes are well known in the acyclic series or larger rings but 
have not been isolated in the cyclohexadiene case. ( 72 ) 
D 
(2.Z) 
D 
Fe ( COJ~o 
D --,--
Fe(COt 
D ,-- D 
D D 
( ?Ji) 
At this point Alper's work becomes insufficient in .comp1etely des-
cribing the mechanism since it 1s possible for one of two geometrically 
different allylic hydrogens to be transferred to the iron, (~). Path 
(a) is obviously more favoured and is in fact supported by chemical 
evidence (vide infra). --
(?1) 
( 
H, 
I ' 
M ~ (b) 
'---
I 
I 
/ 
(§Q) 
D 
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The metal hydride so formed can undergo a further transformation 
wherein the hydrogen may be returned to the ring at either of the two 
. 3 
termini of the n -system (§.Q). Attachment via path (a) (60) ,s non-
productive, supplying the 1,4-diene again, while path (b) (60) leads to 
a conjugated system. Now, if a group is present at this latter position, 
then providing the process 1s intramolecular, the resulting stereochemistry 
of the group (relative to the position of the metal) will determine 
whether the hydrogen is transferred to the same (S) face as that occupied 
by the metal or to the opposite (a) face. In fact, a group such as methyl 
,s found on the a-face indicating transfer of hydrogen from the metal 
occurs specifically to the S-face.( 73 ) 
The complexation process is assisted by irreversible displacement 
of carbon monoxide 
The implications of this mechamism are of no real consequence as far 
as 1,4-cyclohexadiene ,s concerned. However, problems arise when just a 
single substituent is placed on the ring of the 1,4-diene. Irrespective 
of the conditions applied, complexations of substituted 1,4-cyclohexadienes 
are generally non-specific so that when, for example, 1,4-dihydroanisole 1s 
complexed with iron carbonyls, both the 1- and 2-0Me-1,3-cyclohexadiene 
complexes are formed, (56) and(~) respectively.(lb) It is, however, 
.-
likely that the 1-methoxy isomer is formed initially and that this under-
goes equilibration with the 2-methoxy complex under the conditions of 
reaction. (74 ) Interestingly this contrasts with the complexation of 
1,4-dihydroanisole using Ru 3to\ 2 which gives only the 2-0Me ruthenium 
tricarbonyl complex(~). (75 ) 
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MeO 
(55) (~) 
t 61) 
-
The production of steric, as distinct from positional isomers is 
another factor to be considered when an appropriate 1,4-diene undergoes 
complexation with iron carbonyls. The prime example is the directive 
influence of an ester group ~hich unlike a group such as methyl, can 
display attraction for the coordinating species (e.g. Fe(C0) 4) and 
thereby influence the formation of products.( 76 , 77 ) Equation [13] shows 
an example which is discussed at more length in the second chapter of this 
thesis. 
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/ 
(.§..?_) 
I· 
(~) 
Fe(CO )3 ( 6 3) 
(~) (§1) 
-------[13] 
-------[14] 
Co mp lexation with Fe(C0) 5 of dihydrobenzoic esters, where alterna-
tive double bond migrations are not blocked. follows a different coursP 
and leads as shown in equation [ 14] to a variety of products_(la ,73) 
Schemes (3) and (4) depict th~ possible courses of reaction. It is re-
emphasized here that only those hydrogens on the S- face will partake in 
metal assisted migrations. 
Chirality in the complexes 1s a further complication when attempting 
to define a pure comp lex. Unsymmetrical tricarbonyl-1,3-cyclohexa-
dieneiron comp l exes and their derived cation salts are capable of existing 
as enantiomers . Various methods are available for the formation of 
optically enriched, if not fully resolved complexes. One such method con-
sists of transfer of the Fe(C0) 3 moiety from an optically active 
enone-Fe(C0) 3 complex to a prochiral I,3-diene. To date, this process 
has met only with limited success . (79 ) 
(65) 
-
.I . I 
(65) 
-
C0zMe 
M 6 ~
~ 
~ 
( 6 7) 
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Me0 
I 
H C=O-1Fe(C0) 4 
SCHEME 3 
C0zMe 
i 
C0zMe 
::----. ~I 
1/ 
-;..M 
( 68a) 
-
SCHEME 4 
.. 
,,, 
H ' 
i 
M 
(66) 
M'=Fe(C0) 4 
M=Fe(C0) 3 
H 
I 
M 
Fe(C0) 3 I 
H 
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Other classical methods of resolution have been applied to ra cemic 
complexes and the results of these seem promising. Examples of such 
methods are detailed in a subsequent section. 
(ii) Separation of complexes by direct methods 
It is often possible to separate mixtures of isomers of substituted 
tricarbonyl-1,3-cyclohexadieneiron complexes by direct physical methods. 
Chromatography is by far the most commonly used methods in this respect 
although fractional crystallisation has been also employed. (3D),( 3l) In 
some instances the complexation conditions are sufficient to bring about 
equilibration of isomers and if these can be separated then re-equilibration 
and further separation can lead to a method for enriching one isomer 
over another~ Complexes (ZQ) and (_ZJ) were formed in equal proportions 
under the conditions indicated (see below)_( 52 c) These were separated 
and pure CU) re-subjected to the same complexation conditions. Thus 
giving rise to an equal amount of (ZQ), perhaps by a metal-ligand dis-
sociation and recombination process. Separation again thus gives an 
increased proportion of (2.Q) relative to (71). 
The occupation of the Sa-position by the methyl group 1n complex 
(71) arises because of an intramolecular transfer of a hydride ion from 
the iron to the 8-face of the molecule, as earlier discussed. 
0~ OMe OMe 
Fe(C0) 5 
~ Fe(C0) 3 + Fe(C0) 3 
-
-Me Me -Me 
~~ (70 (D) 
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(iii) Separation of complexes by indirect methods 
This section deals with the use of chemical conversions which, if 
selective, lead to a separation of isomers of tricarbonyliron complexes 
of substituted 1,3-cyclohexadienes. Also introduced in this section 
are the methods available for the production, in pure form, of the 
important tricarbonylcyclohexadienyliron cations. The routes available 
are broadly classified into three main catagories; 
(a) acid-catalysed isomerisations and demethoxylations 
(b) hydride abstraction and re-reduction 
(c) selective hydrolysis. 
(a) Acid-catalysed reactions. 
Isomerisations of alkyl-substi tuted tricarbonyl-1,3-cyclohexadieneiron 
complexes take place when these are dissolved in concentrated sulphuric 
acid. (32 ) The isomerised products can be recovered in high yield from 
the acid which serves to equilibrate a pure 1-Me isomer with a 2-Me 
isomer to the extent that the latter is formed in excess of the original 
isomer (1-Me: 2-Me = 1:2). The same preference of an alkyl group for the 
inner position of a diene complex was observed by Nametkin,( 52 ) when 
tricarbonyl-l-ethyl-1,3-cyclohexadieneiron was dissolved in sulphuric 
acid. A more striking example is the conversion of the isomers formed 
-
by complexation of dihydro meta-xylene with pentacarbonyliron into pure 
tricarbonyl-1,3-dimethylcyclohexadieneiron when the mixture is treated 
with sulphuric acid. (s2 ) 
In contrast to this, the strongly electron-withdrawing co 2Me group 
possesses an intrinsic stability due to extended conjugation when located 
at the !-position of a 1,3-cyclohexadiene complex of tricarbonyliron. 
Treatment of either a 2- or 5-methoxycarbonyl complex with 10% H2so4 in 
methanol gives exclusive formation of the l-isomer_(7s) Accordingly 
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several complexes derived from anisic esters were found to undergo 
· · t · ( 67 ) 1 d · t d t h · h b d ·ff· 1 t t th s · ze , s o me r, s a , on s ea 1 r. g o pro u c s w , c may e , , c u o s y:1 e 1 
by direct methods. Equations [15] - [18] provide a selection of examples. 
Meo 
(oc) Fe......-
3 
(oc) Fe__._ 
3 
OMe 
OMe 
78% 0. 
--
18% 
• 
80 <½ o.,_ 
(OC) Fe 
3 
OMe 
- -- - - [15 ] 
-------[16J 
------[17] 
------ll8J 
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Equations (15 l and [16] clearly demonstrate the preference of the 
methoxycarbonyl group for the 1-position, the lower yield in equation 
[16 J probably reflects steric interactions in the intermediate(s) leading 
to the product. Conjugation between the l-C02Me, but not the 2-C02Me, 
with the diene is evident from the I.R. stretching frequencies of the 
ester carbonyl groups in these complexes. This preference for the 1-posi-
tion might be supplemented by the simultaneous formation of a 2-methoxy 
complex since equation [17] shows only a very poor yield (1- and 2-0Me 
1 b h 11 ·1 ·b d . . t . . ( 74 ) comp exes can et erma y equ1 1 rate to give a mix ure conta1n1ng 
about 70% of the 2-0Me isomer). Equation [18] amply demonstrates that the 
poor yield does not arise from the nitrile hydrolysis stage. 
Methoxy substituted complexes when treated with concentrated sul-
phuric acid undergo irreversible loss of OMe to generate n5-cations . 
The position of the methoxy group in the neutral diene complex does not 
affect cation formation. A S-substituent can, howeveG prevent demethoxylatioJ~ = 
Isomerisation of the double bonds occur until the OMe group is located 
in an a -allylic situation when elimination takes place. It should be 
remembered then that other groups attached to the ring will have their 
original positions altered during this process (relative to the double bonds). 
Advantage of the last point has been taken to prepare cations which 
may otherwise have been difficult to obtain. For example complexation of 
dihydrotoluene followed by extraction of hydride gives the salts (10) 
and (11) (equation [19] ) which are not separable. (23 ) Each of the 
cations has been prepared in a similar yield and in pure form by employing 
a demethoxyl a ti on sequence, equa ti ans l 20 I and 1211 . ( 82 ) 
Me 
Me 
l.Fe(CO~ 
2.Ph 3C+ 
37. 
M 
l.Fe(C0)5 ( ) 
--...::..1.-~ OC fe ..... -
2.H+ 3 
OMe 
OMe 
.Me 
( lQ_) 
Me 
l.Fe(CO)~ (OC) Fe_._ 
2. H+ 3 
(11) 
+ --~--[-19] 
(_u_) 
-- -- - [-20] 
------ [-21] 
In keeping with other electrophilic reactions of tricarbonyl-1,3-
cyclohexadieneiron complexes, e.g. acetylation, it was found using 
labelled acid that protonations take place first at the metal with 
subsequent stereospecific B-face hydrogen shifts. (34 ) 
Neutral 1- or 2-trimethylsiloxy substituted complexes are rapidly 
converted into salts using tr ifluoroacetic acid, presumably by a similar 
seq·uence to that just described for OMe complexes_(3Bb) Likewise a 5a -
carbornethoxy group is lost when such a complex is treated with sulphuric 
. d ( 85) aci . 
Protonations of groups not directly attached to the cyclohexadiene 
ring can le ad to cation formation . For exalllple , reaction of the acetonyl 
complex (.z.g_, R = H) with sulphuric aci d regenerates the cation from which 
it can be prepared.llb) The same is true even in the presence of a 2-0Me 
group, (72, R = OMe),( 35 ) and this is a disadvantage of the process since 
it limits possible synthetic utility. in cation formation from OMe sub-
stituted comp lexes. 
(l:_) R:-:H 
( 7) R=O(·ic 
38. 
0 
11 
~ 
- --~ EtOH 
~~ 
H+ X-
(74) 
HT 
~ -
0 
II 
,,,~ 
(oc) Fe 
3 
The alcohol (73) suffers protonation with subsequent formation( S7) 
of cation (74). Likewise the propenyl complex(~) 1s converted to 
the 1-propyl cation (74) by treatment with HBF4(BB) . The driving 
force behind these proton shifts appears to be the higher stability of 
the complexed n5-cation as evidenced by the ring expansion of the tosylate 
(76). (89) 
('- -=!.·FE:· 
1~ 
--
HS~( 
---~ ~-
l + 
( 7G ) ( 8) 
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(b) Hydride abstraction and re-reduction 
The preparation of n5-cations from n4-tricarbonyl-l,3-cyclohexadiene-
1ron complexes has most commonly been achieved through reaction with 
triphenylmethylium (trityl) tetrafluoroborate, Ph 3C+BF:. The reaction 
proceeds by abstraction of a hydride ion and was first used(2 1 ) to prepare 
cations from Mn complexes and later applied to iron complexes by Fischer! 20 ) 
Yields for the reaction are usually high and the products are easily iso-
lated by addition of ether to the CH 2c1 2 solution in which the reactions 
are performed. 
The hydride 1s removed from one of the methylene groups adjacent to 
the diene portion of the complex and because of the bulk of both the metal 
group and the trityl ion, the hydride is specifically removed from the 
a-face. This has been established using labelled compounds (equation [22] (S4) 
and [23](lb))_ 
D 
--- ·t22 ] 
D 
--
MeO 
(oc\fe ....... ---- ·[23] 
Me 
+ Sensitivity of the Ph 3C ,on to steric effects can be viewed as a 
mixed blessing. It allows in some cases for the preparation of isomeric-
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ally pure compounds(?) (equation [2~, see Chapter three) while in 
other cases steric repulsion causes the attempted cation formation to 
fail (equation [25] ). This failure can itself, in certain cases be 
viewed as an indirect method for separating isomers (cf. equations [ 2~ 
and [·26 ] ) . 
... ------(24] 
( 7 7) ( ?]) 
- - - -- -[-2 5] 
- ·1-' ... 
(71) 
- - -- - -[ 26] 
Me 
--
( 79) t80) 
-
Addition of hydride ion to the n5-cations regenerates a neutral 
complex which may be the same or different to the pre-hydride abstraction 
complex depending on the nature of the intervening salt. For example, 
hydride extraction from (2?) gives(lb,?4) mostly (ll and re-reduction 
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with NaBH4 gives (55) again (equation [2 7] ). But , whereas complex 
(70) undergoes hydride loss predominantly fro m C-6 (equation [ 28]), 
the hydride additon to the cation produce s a 40:60 mixture of (70) and 
. (lb 62c) (z.l,79) respectively. ' 
MeO 
M----
(?2) 
Me 
(70) 
M=Fe(CO) 3 
-· 
1+ 
------[-27] 
(]_) 
Me l+ 
-- - --~ [2 8] 
MeO 
( 80 ) 
MeO 
( 71) , ( 79) 
Interestingly, hydride addition to the Me substituted terminus of 
(~) is not specific; a mixture of a - and B-i somers is formed in the 
ratio 1:1. This can be rationalised.by considering that the incoming 
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hydride ion (a- approach) will force the Me group on to the same face as 
the metal and this may be more sterically disagreeable than attack of 
hydride from the B- direction. Alternatively, hydride additions can be 
regarded as a general exception to the normally -observed a- attack of 
irreversible nucleophiles on the basis that addition to a metal carbonyl 
group has been observed( 90) in similar reactions. The formyl group can 
then deliver H8 to the adjacent B-face. (?a) 
Re-reduction of cation salts is most useful for preparing isorreri-
cally pure complexes when the salt is syITTT1etrically substituted. Thus 
complexation of l-methoxy-5-rnethyl-1,4-cyclohexadi ene followed by sul-
phuric acid treatment of the mixed complexes led only to one salt, (U), 
which when treated with sodium borohydride gave only a single isomer, (84) 
(equation [29] ) . (32 ) The complex (§B) is difficult to synthesize in pure 
form by other methods. 
MeO MeO MeO 
Fe(C0)5 .. M + M 
Me Me ~ Me 
(81) 
--
(_82) ( 83) 
Me H 7+ 
Me 
(ll) 
M= Fe(C0)3 ----- [29] 
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(c) Selective hydrolysis 
The purification of dienyl salts by direct physical methods 1s 
problematical. The only method so far applied to the separation of 
isomeric salts is selective precipitation, which is not always success-
ful.(74) A method is availabl .e, for a limited range of compounds, 
based on selective chemical reactivity. It involves the hydrolysis of a 
1-0Me cation in a mixture which may also contain the 2- or 3-0Me isomers. 
When the compounds obtained by complexation of dihydroanisole (i.e. 
(55) and (56) ) are treated with Ph 3C+BF4
8 a mixture of salts is formed, 
consisting mostly of ("J__) and (43). Hydrolysis of the 1-MeO cation (43) 
occurs in hot water to form the neutral ketone complex (44) which can be 
removed by ether extraction. (9 l) Unchanged (.Z) is isolated from the 
MeO 
+ 
(81) (56) ( 55·) f. \ i { .\ \ l / \ l / 
+ QMe OMel+ Melt-
II 
...... ... 
M M 
- ( 43) co 
~ i HzO ! H20,PF6 OMel+ 
~~ 
M 
M=Fe(Co) 
3 (44) (l) 
(i)=Ph 3C+BF 4-
4~ . 
aqueous solution by addition of ammonium hexafluorophosphate. The 
hydrolysis may occur via a complexed hemi-acetal intermediate with 
subsequent elimination of methanol. 
The dienones, e.g. (44), can be used to regenerate cations either 
.&.. 
directly by treatment with Me 3o~ salts or by a process involving reduction 
of the ketone and protonation of the alcohol (see Chapter two). Also, 1-
substituted cations can be prepared from the dienones by reaction with 
reagents such as Rli, again followed by protonation of the alcohol. (3Sb) 
Further discussions of the demethoxylation and hydride abstraction 
processes as applied to the synthesis of desirable methoxy-substituted 
cations are given in Chapter two of this thesis. 
(iv) Chiral and optically active complexes 
To make full use of the stereoselectivity attached to carbanion 
additions to n5-cations stabilised by Fe(C0) 3 requires the preparation 
of these salts, where appropriate, inre~6lvedform. For instance removal 
of metal from a complex such as (18) gives a compound with a new asymmetric 
centre, the degree of resolution of which is governed by the optical purity 
of the cation. Chiral or optically enriched cations can be obtained 1n 
principle by two methods; either directly from a racemic mixture of 
cations or from resolved neutral complexes assuming racemisation during 
subsequent cation formation can be avoided. The preparation of optically 
active n4-complexes of substituted tricarbonyl-1,3-cyclohexadieneiron 
using resolved (or partly resolved) Fe(C0) 3 transfer reagents has already 
been mentioned. 
Resolution of carboxylic acid complexes by classical methods has 
been achieved using phenyl ethyl amine. (92 ) The diastereomers were se par-
ated,with rather poor recovery, by fractional crystallisation and the 
chiral 1-methoxycarbonyl cation was regenerated by treatment with acid. 
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By a similar process unsyrrrnetrically substituted cations can be 
reacted with chiral alcohols e.g. menthol, and the diastereomers separ-
ated by chromatography. Again, the chiral cation can be regenerated by 
treatment of the adduct with acid. (3Bb) In view of the high yields and 
relative ease of separations, this is probably the method of choice for 
preparing chiral cation salts. 
A process of kinetic resolution of cations is described in Chapter 
four of this thesis but this is not a useful method for preparations of 
fully resolved cations. 
This introduction has attempted to convey some of the principles 
governing cyclohexadiene complexes of tricarbonyliron. Application of 
these principles is a general theme throughout the forthcoming chapters, 
especially in relation to methoxy complexes, since the dual equivalency 
(aromatics or enones) of the related cations and formation of complexed 
cyclohexadienones (aromatic equivalents also) from 1-0Me cations makes 
these complexes the most versatile and synthetically attractive of the 
simple substituted classes. Chapter two deals with preparations of di-
methoxy and related complexes and their reactions while Cha pte r three 
compares the quantitative aspects of the reactivity of methoxy cations 
with a range of other substituted cations. In Chapter four the reactions 
of a variety of cations, including methoxy ones, with some silicon-based 
nucleophiles are described and the mechanism is discussed in Chapter five. 
The final Chapter combines the results from earlier chapters to demonstrate 
the concepts of the synthetic equivalency of tricarbonylcyclohexadieneiron 
cation salts which has earlier been mentioned. 
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CHAPTER TWO 
INTRODUCTION 
Tricarbonylcyclohexadienyliron cations can be regarded as synthetic 
equivalents of specifically protonated aromatics by a process involving 
nucleophilic addition, oxidative removal of iron and dehydrogenation of 
the resulting diene. Alternatively, methoxy-substituted cations can lead, 
by a process of hydrolysis after metal removal from the neutral complex, 
to equivalents of cations of a,B-unsaturated ketones. Tricarbonyliron 
complexes of cyclohexa-2,4-dien-l-ones can be similarly regarded as 
synthetic equivalents by reaction at the ketone group followed by aromati-
sation, as demonstrated by the arylation of amines. ( 3Sa) Such dienone 
complexes can be easily prepared by hydrolysis of 1-OMe cations_( 9l) 
Methoxy substituted dienone complexes would necessarily extend the use-
fulness of these complexes as synthetic intermediates. 
In view of these points it seemed appropriate to attempt to extend 
the series of simple methoxy-substituted cations and related complexes 
with the objective of obtaining, 1n pure form, synthetically useful 
intermediates. The 2-OMe cation (7) can be pr€pared( 74 ) in reasonable 
yield from dihydroanisole, as can the 1-OMe cation (43) although this 
is generally not isolated but hydrolysed during work-up to the dienone 
complex (~), from which it ~an be regenerated. (3Sa) The 3-OMe 
cation (12) has been reported only as a minor side-product formed during 
the preparation of the 2-OMe salt. ( 74 ) No di-methoxy cations have been 
reported. 
RESULTS AND DISCUSSION 
Preparations of the cations begin with neutral substituted tricarbonyl-
1,3-cyclohexadieneiron complexes. One method, although rather limited 
by steric factors, is the hydrid~ abstraction route using trityl cation. 
The utility and limitations of this method will be discussed later. 
4 7. 
OMe 
OMe one O~e 
Fe (CO) 5 
-----11•~ M --... ... + 
(?_§ (~ 
~ -Hg -Hg -Hg 0 94% 80% 20% MeO OMe l+ OMe 7+ 
M M M 
(W ( Z) ~ 
i I~ H20 
-
M 
(~ ) 
M = Fe(CO) 3 
Scheme 5 
Summary of Cation Formation from Fe(CO) 3 Complexes 
of Dihydroanisole 
l+ 
M 
7+ 
+ -MeO BF 4 
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Another useful conversion method is the action of sulphuric acid on 
1- or 2-methoxy complexes which causes rearrangement and loss of OMe 
as shown in Scheme (5)- Mechanistic details, including deuteration 
studies, have been discussed. (la, 82 ) 
If this latter type of approach is to be used to prepare OR sub-
stituted cations, the neutral diene precursors must contain two OR 
groups, or possibly OR and a group such as NR2 which might be similarly 
removed. Likewise to prepare di-OR cations or alkoxy dienone complexes 
by the hydride abstraction method requires similar neutral diene complexes. 
Accordingly the formations of such complexes, and their conversions into 
cations were first examined. The synthetic potential of the cations pro-
duced is discussed, with examples, 1n a later section of this thesis. 
Diene precursors are obtainable by Birch reductions of available 
substituted aromatic compounds. The aromatics chosen are given by 
structures (85-90). Metal-ammonia reduction of these aromatics gave 
- -
initially the non-conjugated dienes (.2],91-2§) but in the case of those 
containing NR2(92 and 93) the distilled product corresponded to the fully 
(for 92~96) or partly (40%) conjugated isomer (93~97+98). (93 ) 
Unconjugated cyclohexa-1,4-dienes can be reacted, with isomerisation, 
with iron .carbonvls to yield complexes of 1,3-dienes. Because of their 
--
availability the non-conjugated dienes (53) and (91) were first reacted 
directly with Fe(C0) 5 for the preparation of(~) and (101). However, 
the desired products were obtained in poor yields (Table 2) mixed with the 
products derived from loss of OMe. The same was found in the cases of 
the related 2-propoxy dienes. Dernethoxylation during complexation of 
( 62 C) methoxycyclohexa-1,4-dienes with Fe(C0) 5 has been observed in other cases. 
Rl 
R2 
0Me 
'• 
(85) R1 = 0Me R2 = H , (53) 
(86) R 1 = H R2 = 0Me 
' 
( fil.) 
(87) R1 = morpholino, R2 = H (2f) 
(88) Rl = H, R2 = morpholino ( 9 3) 
-
(89) R1 = Pr 10, R2 = H (94) 
(90) R1 = H, R2 = Pr10 (95) 
Rl 
R2 
0Me 
R 1 = H , R 2 = 0Me 
R1 = 0Me, R2 = H 
R1 = morpholino, R2 = H 
R1 = H, R2 = morpholino 
R1 = Pr10, R2 = H 
R1 = H, R2 = Pr10 
Rl 
R3 
R2 
~ 
1..0 
(2-,Q_) R1 = morpholino, R2 = H, R3 = 0Me 
(2.7) R1 = H, R2 = morpholino, R3 = 0Me 
(98) R1 = H, R2 = 0Me, R3 = morpholino 
(99) R1 = H, R2 = 0Me, R3 = 0Me 
(100) R1 = 0Me, R2 = H, R3 = 0Me 
154) 
(55) 
(56) 
.--, 
( lQl) 
( l.Q_2) 
(lQ.3) 
( l 04) 
~ 
( l 05) 
( l 06) 
( l O 7) 
-
( l 08) 
( l 09) 
( l l O) 
( l l l ) 
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Rl 
~R2 
_i 7 Fe(C0) 3 
R4"~ 
~ 3 
Rl = R'' - H ' R? = R1 = OMe -
Rl = R3 = R4 = H' R2 = OMe 
Rl = OMc , R.7 = Rl = R'f - H -
Rl = R 3 = OMe, R2 = R4 = H 
Rl = Pr 10, R2 = R4 = H' R3 = OMe 
Rl = R4 = H, R2 = Pr 10, R3 = OMe 
Rl = R4 = H' R2 = MeO, R3 = Pr 
10 
Rl l R L = R3 R4 H = Pr 0, = = 
Rl = R3 = R4 = H ' R2 = Pr10 
Rl = R3 = H' R2 = R4 = OMe 
Rl = morpholino, R2 = R3 = R4 = H 
Rl =-morpholino, R2 = R4 = H ' R3 
Rl = R4 = H, R2 = morpholino, R3 
Rl = R4 = H ' R3 = morpholino, R2 
= OMe 
= OMe 
= OMe 
TABLE 2 
Diene Dialkoxy product; yield * Mono alkoxy products; yield* 
(structure) (structure) 
l-MeO 2-0Me l - Pr 1 0 2-Pr 10 
~ 8. 4 (~) 5.9 (56) 6.0 (55) 
-
l~l I ll.5 {l.Q]) 2. 6 ( 56) 2.3 (55) 
(94) 25.7 (102) 0.4 (56) 0.2 (55) 3 ( l 05) l (106) U7 >--' 
- - - -
. 
.L 
(~) l .5 (103) I 
- 0.5 (55) l . 7 ( 1.Q§_) 
l . 5 ( l 04) t 
none none 
* Based on reacte d diene 
t Complexes (103) and (104) were not sepa rated 
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Using diene (~) as an example, there are evident two possible isome ri-
sation pathways leading to a conjugated diene from the presumably first 
formed mono-olefin tetracarbonyliron species. (69 ) Reductive loss of OMe 
from (107) would give rise to the observed mon o-methoxy complex (55) 
which is known( 74 ) to thermally equilibrate with the 1-MeO isomer (56), 
also observed. Although the exact nature of the reductive loss of OR 
is still obscure and a radical pathway cannot be ruled out, some evidence 
for this process has been obtained. The complex (107) was prepared by 
known methods(Z 3) and treated with Fe(C0) 5 under the same conditions to 
yield ( ~ 30%) a mixture of the 1- and 2-0Me complexes (~) and (55). (94 ,95 ) 
MeO 
l · 
( 91 ) 
(i§.) 
M = Fe(C0)3 
M
1 
= Fe(C0) 4 
MeO 
OMe 
< 
;;>' 
--
0 ~e 
(~) 
M' 
OMe 
OMe 
M 
MeO , 
Meo .... 
5' 
I M 
OMe 
OMe 
(~) 
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Furthermore, if the pathway leading to the allylic OMe is blocked 
the demethoxylaticn does not occur during the complexation process. 
This was demonstrated as follows. Reductive alkylation( 96 ) of 3,5-
dimethoxy-benzoic acid using Li/NH 3/Mel gave diene (112). Esterifi-
cation (Me 2so4;K2co 3/acetone) and complexation with Fe(C0) 5in di-n-
butyl ether under the same con di ti ans as those used for (~) gave di -
methoxy complexes (113) and (114) with no demethoxylated products. These 
isomers (ratio, 1:1; total yield 64%) were separated by chromatography 
and an X-ray analysis( 97 ) confirmed their structures (Fig.l). 
The formation of both isomers is of interest since the diene (62) 
gives rise to only a single isomer (63) presumably by interaction of the 
ester with the metal carbonyl_(?G),(??) The ratio of (113) to (114) was 
unchanged on further heating (4 days) or by use of a relatively non-polar 
solvent (xylene, b.p. 140°; di-n-butyl ether has b.p. 143°). The lack 
of selectivity in the complexation of (112) may be a function of the 
relative rates of competing reactions so that any initial complexation 
between the ester group and the coordinatively unsaturated iron species 
[.Fe(C0) 4] may be offset by the rate of olefin (an enol ether in this case) 
to metal coordination . 
C0 2H Me 
4 6 
.. + 
MeO OMe MeO OMe MeO OMe 
M M 
( 11 2) ( l.l]) (l.li) 
M = Fe(C0) 3 
(ill) 
FIGURE 1 
U7 
~ 
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M 
(~) (63) 
M = Fe (CO) 3 
Returning to the di-OMe complexes, it was felt that the low yields 
and mixed products rendered the unconjugated dienes unattractive as 
precursors to the complexes and attention was turned to conjugation 
of the dienes by other methods before complexation which is known to 
occur without rearrangement under conditions where the temperatures 
and times of reaction are appropriately controlled. The 1-NR2 series 
can usually be conjugated thermally. (68 ) Catalytic equilibration of 
1-rnethoxycyclohexa-1,4-diene with the 1,3-diene ( ~ 75%) using KNH 2/NH 3 
yields only the 1-0Me conjugated isomer. (62 ) The process here involves 
anion formation at the 6-position followed by protonation (alkylation 
can be achieved( 98 ) with such ~halides as Mel, PhC2H4I) to give an equili-
brium mixture of isomers. The overall process is a swivelling of the 
double bond about the carbon carrying the OMe group. Other conjugation 
catalysts which can be used include Wilkinson's catalyst( 64 ) or 
dichloromaleic anhydride,( 63 ) although the processes here are likely to 
be different than just described. Frequently the conjugated isomer forms 
only about 70-80% of the induced equilibrium,( 99 ) but the cornplexation 
product formed under mild conditions corresponds to the same reactive 
conjugated i sorner present . 
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The unusual difficulty encountered in conjugating the amine (.2]) · 
as compared to (92), was also encountered with other 11 meta 11 - substi-
tuted dienes, and (53), for example, required tert-Bu0K/DMS0 or 
KNH 2/NH 3 to produce about 70% of the conjugated isorrer (~) in the 
product . 'H nmr was used to determine the proportions of conjugated 
isomers formed so that for example the resonance at 84.62 attributed 
to the 2 olefin protons of diene (21) was reduced following conjugation 
while new resonances at 84.85 and 4.30 appeared corresponding to the 
olefin protons of the conjugated isomer (99). Similarly the methylene 
resonance at 82.84 in (53) decreased while a resonance at 82.20 appeared 
for the 1,3-diene. The resonance position of the 0Me groups are not 
altered substantially. Because of their reactivity the conjugated dienes 
in the dimethoxy series were used directly in the complexation reaction 
without purification. 
By this process of pre-conjugation followed by complexation, dienes (~) 
and (91) gave the desired complexes (54) and (101) respectively with little 
- - -
or no side-products, contrasting with the direct complexation of the uncon-
jugated dienes under usu·a1 conditions(lOO) to give (.§J;) and (101), together 
with (55) and (56), separable by chromatography (silica gel - petrol). 
Likewise diene (~) when trea~s:d directly with Fe(C0) 5 gave a mixture 
consisting of (102) together with the mono-alkoxy complexes (~,56,105, 
106) again separable by chromatography. Diene (2.2), by direct complexa-
tion gave rise to complexes (103) and (104) (not separated) as well as 
(105) and (106). The yields shown in Table 2 indicate the poor nature 
of the direct complexation apprach where non-conjugated 1,3- or 1,4-dial-
koxy-l,4-dienes are concerned. Other complexation methods such as 
Fe 2~0~/acetone or Fe 3to\2/benzene or use of Fe(C0~/photolysis were likewise 
unsatisfactory, especially for diene (~_). 
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The complex (108) is best prepared by irradiation of the diene for 2h 
,n pentane in the presence of Fe(C0) 5. The diene (~) similarly produced 
complex (109) (54%) as rather unstable crystals. Attempted complexation 
of the non-conjugated diene (g] ) was unsuccessful, but the mixture con-
taining about 40% of conjugated isomers (.2.Z) and (2§.) gave two complexes 
separable by differential solubility in he xa ne. The less soluble was 
identified by spectra as (111) and the more soluble as (110) in the ratio 
1.2:1 which may represent relative concentrat ion s of the conjugated dienes 
in the mixture. Identification was aided by the reported(lOl) spectral 
data for the linea r and cross -con jugated morpho lin o complexes derived from 
isophorone. Particularly useful again was 'H nmr, especially the OMe 
resonance which appeared, typically, at 83.45 for the 1-0Me group , n 
complex (110)" and at 83.63 for the 2-0Me group 1n (t.11). 
As previously mentioned neutral complexes, such as (55) or (56) 
lead in two ways to cations; those still containing OMe by hydride 
removal or those lacking OMe by the act ion of sulphuric acid . These 
two different routes will now be treated separately. 
Preparation of cations by acid catalysed demethoxylation 
The nature of the intermediates formed by protonation of diene 
complexes of tricarbonyliron has been found to be dependent on the actual 
acid employed. (lOZ) This has~been especially demonstrated in complexes 
of the acylic diene series and also with tricarbonyl-1,3-cyclohexadieneiron 
where changing from an acid having a non-coordinating anion (HBF4) to an 
acid such as trifluoroacetic acid, which has a coordinating anion , brought 
about substantial structural differences in the protonated intermediates. 
The essential difference being that a trifluoroacetate anion will co-
ordinate to the iron atom and thereby maintain a coordinatively saturated 
system with the meta l bound to a formally neutral allyl liaand (115) 
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0 
while with the non-coordinating BF4, a metal-protonated species, with 
the iron bound in a o,TT-fashion to the ligand, has been proposed(l02 ) 
e.g. (l.!§). 
0 
II 
~7-c-CF3 V Fe(C0)3 
( 11 5) 
-
7+ 
( 11 6) 
As well as these studies, Whitesides( 6b) showed that treating tricar-
bonyl-1,3-cyclohexadieneiron with d1 -TFA led to specific incorporation of 
--
two deuterium atoms in the 5- and 6- S (same side as metal) positions 
presumably by way of the metal directing an intramolecular transfer. 
More recently it has been shown(l02) for diene complexes of iron having 
instead of three carbonyl ligands three phosphite (or phosphine) groups, 
that a compound is formed which has a hydrogen atom bridging metal and 
carbon when protonation is carried out. The greater basicity of these 
systems is evident from the fact that protonations can be carried out 
using NH 4BF4 in methanol solution. In the case of the cyclohexadieneiron 
complex the structure was formulated as (117). 
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l+ l+ 
I \e[P(OMe) 3 ] 
M 
H ( 6 ) ( 11 7) 
OMe 7+ 
MeO 7+ 
M M M 
5 MeO 5 
( 41 ) (42) ( 4 3) 
M = Fe(C0) 3 
For complexes of the rrethoxycyclohexadieneiron type studies by 
Birch(BZ) showed that n5-cations could be produced in high yields by 
protonation with sulphuric acid. Use of anhydrous HBF4 led to slower 
formation of the same cations. Protonation of the 5-0Me comple x with 
HBF4/propionic anhydride yields(
27) the cation (6). The same cation 
W is obtained by dissolution of either the 1- or 2-0Me complex 
in sulphuric acid followed by addition of NH 4PF6. Use of o2so4 allowed 
some· mechanistic aspects to be discussed. (la) Essentially, isomerisation 
. 
of the diene occurs via a protonated metal intermediate until the OMe 
group occurs 1n an allylic position. Irreversible elimination of the 
methoxy group then takes place to generate a n5-cation. The mechanism 
depicted in Scheme (_§.) clearly shows the role of the metal in being 
responsible for producing specific compounds during protonations (deuter-
ations). 
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0Me 0Me 
D 
Me 0 ,,, 
3 D ~ __::i.. 
M M M 
~ 
-.:::-
H Me Me 
D 
D 
Me 
M = Fe(C0) 3 
Scheme 6 
Extrapolation of the demethoxylation reaction to the dimethoxy com-
plexes (54) and (101) was thus ~carried out against this back-ground of 
- -
information. Reaction of the 1,3-dimethoxy complex (54) with sulphuric 
acid gave 80% yield of the symmetrical cation (12) isolated as the PF6 
salt but contaminated (5-10%) with the 2-0Me isomer ("lJ. Use of 
anhydrous HPF6 gave as much as 30% of the unwa·nted 2-0Me cation while 
trifluoroacetic acid gave only the desired 3-0Me cation in 70% yield. 
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Demethoxylation using d -TFA gave incorporation of D at the 6-6 and 1-
positions to the extent of 24 and 18% respectively, as judged by 'H nmr . 
A proposed IT'€chanism is shovm below. 
D 
OMe OMe 1+ 
(54) 
D 
o+ I 
~ {OC}
3
Fe .....,_ 
MeO 
4 
D 7+ 
+ 
1. -He 
< 2. -Meo-
MeO 
(OC)3Fe 
(~) 
1 l.
( !_11) 
MeO l + 
Fe (CO) 3 MeO 
D 
-NeO 
( 
--
MeO '''1 
D 
D 
1+ 
+ 
-Hs 
L-....::.. 
--;, 
MeO 
1 
MeO 
MeOl11. 
OMe 7 + 
D 
(ill) 
D 
OMe 
D 
D -
(120) 
-
HA 
7+ 
Deuteration at the least substituted terminus of (5/l a ) is likely to 
be more favoured and is in agreen~nt with other protonations of unsym-
rretrical n4-complexes of tricarbonyliron. Furthermore, the allyl 
intermediate forrred in this case should be stabilised by the tv10 flan king 
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0Me groups. Proton loss can then take place from two positions; loss 
of D regenerates the original complex while loss of the alternative 
proton (HA in 118) gives a new complex with D incorporated at the 6-B 
position . Competitive deuteration at the 1- position of (54a) can also 
occur to give the intermediate (119). Since the steps so far described 
are reversible a proportion of the 6- B D complex will also undergo 
C-1 deuteration. A second proton loss (H 8 in 120) gives rise to an 
allylic 0Me complex while alternative loss of the S-deuterium atom 1s 
again non-productive. Irreversible demethoxylation then serves to drive 
the whole series of equilibria to the stable n5-cation. 
The intermediate (120) can also be proposed as the precursor to the 
2-0Me cation by 0-protonation and elimination of Me0H(D) as shown 1n 
Scheme (7). Protonation on the methoxy group is not likely to be an 
Fe-mediated process, nor 1s it a prerequisite for elimination of Me0H; 
0Me 7+ 7+ 0Me 7+ 
H 
I 
Me0 ,,,, 
,,,, 
I 
H (D) 6 
H(D) 
Me011 + l1 
I 
H(D) H(D) 
5 
(1£0) ( 7- D) 
M = Fe(C0) 3 
Scheme 7 
the conjugate bases of the acids used may bring about an E2 type of 
elimination. If this were the case then the observation that HPF6 
brings about a higher proportion of the 2-0Me cation than does TFA can 
6 3. 
be rationalised on two counts. Firstly the anion of TFA would be 
expected to be coordinated to the metal as in conformation (121) and 
secondly, inspection of the presumed conformation of the intermediate 
(120) in HPF6 , namely (122), indicates a reduction in steric compression 
around the site for attack of the conjugate base. Anti-periplanar 
elimination of the intermediate from deuterated acid should cause specific 
~ 
-;;:. Fe 
I 
0 
I 
O==C 
OMe 
\ OMe 
CF3 ~ ( ) . HxD 
U1_}, Hor D) ( J.ll.) 
loss of Hx (D) 1n structures ( i21) or (122) leading to the 2-0Me cation (7-b) 
- - -
with deuterium only at position 4. Unfortunately it has not proved 
possible to isolate a pure sample of the 2-0Me cation from the mixture of 
2- and 3-0Me salts and so this evidence has not been forthcoming. 
However, being strong acids, the conjugate bases may be insuffi-
ciently strong and unable to remove the proton in which case 0-protonation 
1s required and this may increase in the order CF 3COOH < H2so 4 < HPF6. 
The 1,4-substituted complex (101) or (102) gave 70-80% yield of 
- -
dienone (.1.B) with sulphuric acid, together with a small proportion 
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(2-10%) of a 2-alkoxy cation. Use of TFA also gave rise to a similar 
proportion of 2-alkoxy cation. Using o2so4 (97%0, 30 moles) the ketone 
contained deuterium (60%), and the salt contained none. The 'H nmr 
spectrum indicated the situation of the deuterium in the position shown 
in (123) (see Fig. 2). The discrepancy between the deuterium level in 
the acid and in (123) can be attributed to high kinetic isotope effects 
in two successive steps. Use of o2so4 containing 90%D led to a fall in 
incorporation into the ketone to 30%. A large effect has been observed(lS) 
with a related system. The steps probably consist of addition to Fe(C0) 3 
(equilibrium) and then transfer of H+ or O+ to the terminus of the com-
plexed carbon system. It was shown that use of o2o in work-up had no 
effect on the level of incorporation, and the C-4 proton of (1:1.) did not 
exchange with o2so4 . 
0 
Fe (CO) 3 
(44) R 1 = R2= H 
( 12 3) R l _  = H' R2 = 0 
-
( l£l) Rl = OMe, R2 = H 
(].e) Rl 7 R2 = H = OPr, 
( 1 26) Rl = H' R2 = OMe 
(ill) Rl = H, R2 = OPr 7 
Scheme (8) showsthe possible courses of reaction, the unusual nature 
being due to involvement of the p-electrons of OR giving stabilisation to 
the coordin~tively unsaturated allyl intermediate. This overall sequence 
1s pro~ably the best experimental procedure to make the dienone (44). 
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OMe 
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The minor but significant proportion of the 2-0Me cation in the 
product is puzzling because of lack of incorporation into it of D. By 
the mechanism already discussed, incorporation should occur at the 
position originally occupied by the 0Me lost. If it is not, then the 
formation of the 11 allylic 11 0Me required for loss must be by H transfer 
from elsewhere in the molecule. A possible mechanism is by meta migration 
( f l l 1 5 h d h . ft) h ( g 5 ) ' ( lO 3) h . h l d h orma ya , - y rogen s i ass own, w ic wou generate t e 
required intermediate (Scheme (8) ). For this to be a metal-mediated 
process the hydrogen shift must be a faster process than Fe-H exchange with 
the deuterated acid. 
The morpholino-complexes underwent protonation with sulphuric acid to 
give the ammon~um salts_(l04) No demethoxylation occurred using the 
complexes (10'9-W). Reaction of the 1-morpholino complex (108) for a 
prolonged period (20h) gave a 34% yield of the unsubstituted complex(£), 
which contrasts with the rapid conversion of the presumed intermediate 
(128) into the same salt [equation 31]. The conclusion is that proto-
nation of the 1-nitrogen of (108) converts this base into the cation, with 
resultant inhibition of further addition of a proton to C-1 carrying the 
cationic nitrogen and therefore of conversion into (6). 
-· 
Co) 
N 7+ 
Fe(C0) 3 
( l 08) (12 8) ( 6) l 31 J 
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Hydride abstraction from complexes (54-56 and lQJ.-ill) 
Reaction of neutral cyclohexadiene complexes of tricarbonyliron with 
trityl fluoroborate leads to cations by hydride abstraction from a 
methylene group. The process is highly sensitive to steric effects so 
that only a hydride on the face opposite to the metal is removed. This 
has been proven in several cases by using labelled compounds such as (129) 
from which only the cation (130) was obtained. (34 ) Similar steric effects 
are observed in substituted cyclohexadiene complexes; (131) directs 
abstraction entirely to position 5-, while (132) does not undergo hydride 
loss at all.(l0 3) This sensitivity to the presence of substituents has 
been the major drawback of this method of formation of cations. Electronic 
effects of substituents may also be demonstrated in the hydride removal 
process, but these are less clear. For instance, while the 2-methyl 
complex (.§.1) gives a mixture of cations (60:40) derived from loss of 
hydride at positions 5- and 6- respectively, (lb) the 2-0Me cation gives 
greater than 95% hydride abstraction from C-5. (lb, 74 ) The 2-C02Me com-
plex (66) gives a mixture also (20:80), obtained from hydride removal at 
C-5 and c·-6. ( 78 ) It could be that the trans i ti on-state is 11 product- like" 
and the stability of alternative cations determines the site of hydride 
removal. 
(129) 
Fh 
(.u.J) 
M = Fe (CO) 3 
D 
D 
.-
( lJQ) 
Ph 
7+ 
D 
D 
l+ 
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Ph Ph l+ Me Me 
i111 Me l/11 
5-1 Me jl, 7 
Ph 
( l 32) 
R 
M = Fe (CO) 3 
( 84) , R = Me 
( 6 6 ) , R = CO 2 Me 
Loss of hydride from the 3-face has been observed in some cases 
although this was brought about by a prior isomerisation to leave an 
available hydrogen . One example, by Alper,(lOS) is the steroid case 
( 1 3 3 ) i n w h i ch a II me ta l - fl i p p i n g II p r o c e s s w as s u g ~ e s t e d to p re c e d e 
the observed cation formation . (lOJ) 
~eO l+ 
5 
OMe 
( l 33) ( l 34) 
Tri tyl fl uoroborate reacts with 5-hydroxy complexes to produce 
cations presumably by acid catalysed cleavage of the trityl ether, 
equation [EJ ( 106 ) 
70. 
7+ 
1/ H 
M 
OCPh 3 M M 
(6) 
-
------
M = Fe(C0) 3 
The hydride abstraction from the 2-0Me complex (55) gives as 
previously noted a high proportion of the 2-0Me cation (1) together 
[32] 
with small amounts ( ~ 5%) of the 3-0Me salt.( 74 ) Reaction of the 1-0Me 
compl ex (56) gives a 10:1 mixture of the 1- and 2-0Me cations respectively. 
Subjection of the 1,3-dimethoxy complex(~) to reaction with trityl 
fluoroborate allows competition between these two effects since he~e the 
methqxy at the 3-position is equivalent to a 2-0Me substituent. A mixture 
of salts resulted, in which the 1-0Me salt was converted by hot water 
into tricarbonyl-3-methoxy-2,4-cyclohexadienoneiron (124), and then 
removed by extraction with ether. Treatment of the aqueous phase with 
ammonium hexafluorophosphate gave (134). The ratio of (124) and (134) 1s 
about 1:1 indicating equal rates of hydride re moval from the two possible 
positions . Nevertheless, because of the ease of separation, the reaction 
has preparative value for either component . Also, the dienone (124) can 
be converted by borohydride into the alcohol and then by HBF4 into the 
3-0Me cation as an alternative preparative sequence. 
The symmetrical nature of the salt (134) was immediately evident from 
-1 13 its Hand C nmr spectra. The proton spectrum showed a singlet at 67 .18 
(lH, H-3); a two proton doublet at 64.18 (H-1, -5); a singlet for the 
two methoxy groups at 63.92 (indicative also of a 2-0Me cation); a 
71. 
double triplet at 63 .16 ar1s1ng from the 6- B proton which couples 
(J=6Hz) to the 1- and 5-protons as viell as to the 6a-proton (J=l5Hz); 
and a one proton doublet (J=l5Hz) at 62 .28 (H-6a). The 13c spectrum 
showed only 6 lines. 
Furthermore , the symmetrical nature of the salt leads to a single 
product when treated with nucleophiles eg. malonate ion (see later). 
Hydride extraction from the 1,4-di methoxy complex (101) has been 
reported, (23 ) yielding the dienone (126) after aqueous work-up. To see 
whether use could be made of substituent specificities involving the ether 
groups, the complex (102) was examined, but the products were (126) and 
(127) in about equal ratio, separable by chromatography over silica gel. 
The rather unexpected feature that the bulky trityl group is not 
directed predominantly to the situation adjacent to the smaller 0Me con-
trasts with the results obtained in the a-terpinene complex (135) where 
-
hydride is removed entirely from the position adjacent to the methyl 
group. (l0 7) There must be here a balance of steric and electronic effects; 
the ability of 0Pr1 to stabilise a developing cation being greater than that 
of 0Me. 
-
7+ 
M 
(J..E) ( l 36) 
M = Fe(C0) 3 
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c:) l+ C) l+ (°) 
I 
J I 
\ 
I 
5 
M M 
(137) ( l 38) ( l 39) 
M = Fe(C0) 3 
As anticipated, the 1-morpholino complex (108) reacts only at C-5 
with trityl hexafluorophosphate to give the 1-morpholino cation (137). 
Certain aspect~ of the spectra of this new cation were suggestive more of 
a neutral diene complex than of a typical salt. For instance in the 1H 
nmr of the 1-0Me cation, H-3 appears at 87.23 while for the 1-morpholino 
salt H-3 appears at 86.60, implying reduced positive charge at that point. 
Furthermore the large downfield shift (~1 ppm) of the methylene protons 
adjacent to the nitrogen atom observed on changing from neutral (108) to 
the cation (137) is evidence for substantial involvement of the nitrogen 
p-electrons with the positive charge on the cyclohexadienyl ring. Also, 
the carbonyl stretching frequen~ies for the 1-0Me cation occur at 2105 and 
-1 -1 2030 cm as compared to 2030 and 1960 cm for the 1-0Me neutral complex 
( -1 while in cation 137) they appear at 2070, 2020 and 1990 cm and at 2028 
-1 
and 1960 in neutral (108). This data, together with a band at 1590 cm 
suggest that the structure of cation (137) may be something between (138) 
and the i 111i n i u111 s a 1 t ( 139) . ( 4 5) 
-
Similarly complex (109) gave 1n11n1um salt (140), but both (110) and 
(111) underwent decomposition when treated under a variety of conditions 
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with trityl cation. This may be because of the instability of the disub-
stituted cation which would be formed having two electron releas~ng groups 
at the 1- and 3-positions (the 3-0Me cation is relatively less stable than 
the 2-0Me). 
Attempted hydrolysis of (137) to the dienone or reaction with a number 
of nucleophiles resulted only in production of the aryl morpholine by 
deprotonation and loss of Fe(C0) 3 according to equation (33). However, 
sodium borohydride in dimethoxyethane at -40° gave what seems to be the 
unstable B-morpholino complex (141) by comparison of its spectra with 
the a-isomer obtained by reaction of morpholine with the cation (6). (lb) 
(The lower stability of (141) may be due to steric crowding compared with 
the a-complex; · the decomposition product is N-phenylmorpholine.) Most 
informative was the 'H nmr spectra of the two isomers (both m/z 305). The 
resonance at 83.20, attributed in the 5a-morpholino complex to H-5, is 
completely absent in the isomeric compound which now has a resonance at 
82 .18 (higher field because of the lack of deshielding due to being on 
the same face as the iron) for the Sa-proton. Also, the typical 11 doublet-
triplet- doublet 11 splitting pattern (6a-H) and broad doublet (6 B-H) 
observed(l0 3) in many Sa-substituted complexes is replaced by a two proton 
mu ltiplet in the 5B-morpholino £omplex. This latter change in pattern 
has been demonstrated to be diagnostic of a change in stereochemistry at 
the 5-position of 5-substituted tricarbonylcyclohexadieneiron complexes. (l03 ) 
MeO M M 
( 140) ( l 4 l ) 
M = Fe(C0) 3 
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l+ 
0 
H 
M 
M = Fe(C0) 3 
Reactions of Cations tl2) and (134) with some Nucleophiles 
The cations (g) and (134) are symmetrical and as such can give 
only one product (in terms of regiochemistry) when treated with nucleo-
philes. Salt (134) for example gave the adduct (142) ,(equation [nJ) 
when treated with diethyl sodiomalonate in the THF at o0 • Despite 
w h at s ho u 1 d be a do u b 1 y de act i vat i n g s i tu at i on i . e . t vJO 2 -0 ~1e g ro ups , the 
reaction was still rapid. Likewise, a rapid reaction between the 3-0Me 
cation (12) and the sodium salt of methyl phenylsulphonylacetate was 
o . TH F D l h l . . h d . l ( lO g ) · observed at O 1n . e-su pony at1on wit so 1um ama gam 1n 
.-
methanol gave the acetic ester derivative (144). 
l+ /CO2Et 
s ~CH 
,, '-co Et 
2 
MeO OMe MeO 
M 
(]Jj) ( 1.1£.) ------ [33] 
M - Fe(C0) 3 -
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1+ 
M OMe 
( l 2) 
( 145) 
M 
M 
1 so2 Ph 
~~~CH 
'co2Me 
OMe 
(J!U) 
l 
OMe 
(~) 
M = Fe (CO) 3 
Quantitative aspects of the reactivity of these cations are 
discussed in the following chapter while further examples of nucleophilic 
additions with subsequent metal removal (synthetic equivalency) are 
covered in later chapters. 
--
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EXPERIMENTAL SECTION 
GENERAL 
Distillations were carried out using a Kugelrohr bulb-to-bulb distil-
lation apparatus. Melting points were measured on a Reichert hot stage 
apparatus and a re uncorrected. IR spectra were measured as carbon tetra-
chloride solutions unless otherwise stated, using a Perkin-Elmer 257 
grating spectrophotometer . UV spectra were recorded for hexane solutions 
using a pye-Unicam SP 800 spectrophotometer. 1 H nmr spectra were measured 
13 
on a Vari an HA 100 spectrometer and C nrnr spectra were recorded on a 
Jeol FT 60 spectrometer using Me 4Si as internal standard. Mass spectra 
were measured on an AEI MS 902 mass spectrometer. Solvents used were 
reagent grade, ether referring to diethyl ether and petrol implying the 
60-80°C boiling fraction of petroleum spirit. Preparations of iron 
carbonyl complexes were carried out in an atmosphere of dry nitrogen. 
Preparation of Dienes. - A typical procedure follows. 1,3-dimethoxy-
benzene (27.6g, 0.2 mol) and diethyl ether (80 ml) were placed in a 11 
conical flask equipped with a magnetic stirrer bar. About 500 ml of 
liquid ammonia were added to the flask. To the stirred solution was then 
added lithium wire (6.42g, 0.93 mol) in portions which were about 5 cm 
--
in length, at a rate commensurate with the foaming inside the flask. 
The blue solution so obtained was stirred for a further 15 min. and then 
ethanol (60 ml) was added dropwise during 45 min. Stirring was continued 
for 1.5h. Ammonia was evaporated using a steam bath until the temperature 
inside the flask reached o0 . Water (200 ml) was then added and the 
mixture cautiously extracted with petrol (b.p. 30/40°). The organic 
phase was dried (Na2so4) and evaporated to leave a colourless liquid 
w h i ch was p u r i f i e d by di s ti 11 at i on , b . p . 10 0 ° ( 5 mmH g ) ( l i t . ( 11 O ) 9 5 ° 
18 mmHg) to give l,5-dimethoxy-1,4-cyclohexadiene (21.25g, 75%). oH 
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(CDC1 3) 4.62 (2H, m, 2-,4-H), 3.60 (6H,s,0Me), 2.84 (4H,m,3-,6-H); 
oc (CDCl 3 ) 152. 32 (C-1, C-5), 90.64 (C-2, C-4), 53.89 (OMe), 31.29 and 
25.19 (C-3, C-5). 
Direct Complexation of Di-alkoxy-1,4-Cyclohexadienes- The results 
obtained from the title experiments are presented in Table 2. The method 
employed consisted of stirring the non-conjugated dienes (53,91,94,95) in 
refluent di-n-butyl ether containing Fe(C0) 5 for 18h. The dark mixture 
was filtered through Celite and concentrated to leave an oil which was 
chromatographed using silica-gel. As indicated in the Table this method 
was suitable only for diene (2.,1) which gave 25.7% yield of complex (102). 
This was isolated by employing tlc grade silica-gel for chromatography, 
with hexane as developing solvent. In this way 3 distinct bands were 
obtained; the first two contained products of de-alkoxylation (see Table) 
while the third (slowest) contained only complex (102); v 2050, 1955 
- max. 
cm- 1; cSH (CC14) 4.90 (2H,s,2-,3-H), 4.00 (lH, sept, l 7Hz, OCH), 3.40 
(3H,s,0Me), 2.35-1.70 (4H,m,5-,6-H), 1.25 (6H,d, l 7Hz,Me); m/z 308 (M+), 
280, 252, 250, 222. 
Preparation of Tricarbonyl[(l,2,3,4-n)-l,3-dimethoxy-5a-
methyl-5B-methoxycarbonyl-l,3-cyclohexadiene]iron(O) and its 5a-
methoxycarbonyl-5 B-methyl isomer. - Reductive methylation of 3,5-
dimethoxybenzoic acid was carried out according to the procedure of 
Birch( 96 ) to yield l-methyl-3,5-dimethoxy-2,5-cyclohexadiene-l-
carboxylic acid as colourless crystals, m.p 97/98° (ether/petrol), 
lit. (96 ) 97/102°. Esterification of the acid (10 mmol) with Me2so 4 
(10 mmol) was carried out in refluent acetone (5h) containin g an excess 
of K2co 3 (30 mmol ). The cooled mixture was filtered and concentrated 
to leave an oil which was dissolved in ether and washed with water, 
dilute ammonia solution, and water again. The organic phase was separated, 
78. 
dried (K2co 3) and evaporated to leave a colourless solid, m.p. 49/51°. 
'H nmr of this compound showed that no acid remained (811.6); 8H(CDC1 3) 
4.62 (2H,s ,2- ,6-H), 3.57(3H ,s ,C02Me), 3.52(6H ,s ,0Me), 2.63(2H ,s ,4-H), 
1 . 3 ( 3H , s , Me ) . 
This ester (O.25g) was stirred in refluent di-n-butyl e.ther (20 ml) contain-
ing Fe(C0) 5 (0.4g) during 20h. The mixture was cooled, filtered through 
Celite and evaporated to leavea ·yellow oil (0.25g) which solidified on 
standing . Chromatography over silica-gel (hexane/ether, 1:1) gave a 
single yellow band (0.24g, 58%) which appeared from 1 H nmr and tlc to 
be a mixture of two complexes in the ratio 1:1. Chromatography over tlc 
grade silica (hexane/ether, 2:1) gave two distinct bands which were 
collected and identified. The first compound (0.12g) to be eluted from 
the column was (113), m.p. 98/99° (petrol), which had v (CHC1 3) max. 
-1 + 2045,1970,1730 cm and m/z 352 (M ). A single crystal X-ray analysis 
of this complex confirmed the stereochemistry at C-5. 1 H nmr details 
are given in the accompanying table for comparison purposes. The second 
ccmpound to be eluted (0.12g) was complex (114),v (CHC1 3) 2045,1970, - max. 
-1 ( + 1720 cm ; m/z 352 M ). 'H nmr details are given below. 
Comp 1 ex ( 113 ) Complex (114) 
-
8 , (appearance, couplir.g Assignment 8 (appearance, coupling 
canst.) canst. 
5.27 ( d' J 2.5Hz) H-2 5.27 (d, J 2.5Hz) 
3. 76 ( s) C02Me 3. 6 3 (s ) 
3.63 ( s) 3-0Me 3.62 ( s ) 
3.49 ( d' J 2. 5Hz) H-4 3.04 (d, J 2.5Hz) 
3.44 ( s ) 1-0Me 3.42 ( s ) 
3.07 ( d' J 15Hz) note (a) { 2.46 note (a) -1.51 (d, J 15Hz) 1. 97 note (a) 
1. 36 ( s ) Me 1. 28 ( s) 
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notes (a): for complex (113), H-6 8 appears at 3.07 and H-6a at 1.51 as 
an AX pattern. For complex (114) an AB quartet is observed with apparent 
J 15Hz, 2.46 refers to the low field wing and 1.97 to the high field 
wing. (b) CDC1 3 solutions; TMS internal standard, o = 0.00 ppm. 
Complexation of Di-alkoxy-1,4-cyclohexadienes with Pre-conjugation.-
Tricarbonyl [ ( l,2,3,4-n)-l,3-dimethoxy-l,3-cyclohexadiene]iron(O) (ii) 
A solution of l,5-dimethoxycyclohexa-1,4-diene (20g, 0.14 mol) in 
dimethylsulphoxide (200 ml, dried with 3A molecular sieve) containing 
potassium tert-butoxide (16g, 0.14 mol) was stirred during lh at an oil 
bath temperature of 65-75°C. Water (200 ml) was added to the cooled 
solution and the mixture extracted with petroleum spirit in the usual 
way. The organi-c phase was washed with dilute sodium bicarbonate 
solution and dried (K2co 3). Evaporation of solvent left a colourless 
oil (18g) which was shown by 1H nmr to contain the starting diene and 
its conjugated isomer (_22) in the ratio 1:3. The mixture could be 
stored for short periods in the presence of K2co 3 but was generally 
used immediately in the complexation reaction; the 1H nmr for (99) in 
the mixture, oH (CDC1 3) 4.85 (lH, br s, 2-H), 4.30 (lH, m, 4-H), 3.53 
( 6 H , s , 0 Me ) , 2 . 2 0 ( 4 H , b r s , 5 - , 6 -H ) . A port i on of the crude con -
jugated diene containing 6.5g ot (22) was dissolved in di-.Q_-butyl 
ether (150 ml, freshly filtered through a column of activity I basic 
alumina) and pentacarbonyliron (18 ml) was added. The yellow solution 
was stirred in a nitrogen atmosphere at a bath temperature of between 
135-145°C for 18h. After cooling, the dark solution was filtered 
through a pad of dry Celi te and the so l vent re111oved at aspirator rressure 
(70°C). The residue was chromato graphed (Si02 , hexane) and the resulting 
yellow oi _l distilled to give (54), 5.73g (44%), b.p. 90-l00°C (0.001 mmHg), 
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which solidified on cooling, m.p. 40/41°C; v max. 
-1 2055, 1960 cm 
oH (CC14) 5.02 (lH, d, 1_2 Hz, 2-H), 3.56 (3H, s, 3-0Me), 3.36 (3H, s, 
1-0Me), 3.12 (lH, m, 4-H), 2.00 (lH, m, 6-H), 1.85-1.35 (3H, m, 5-, 6-H); 
+ 
m/z 280 (M ), 252, 224, 196. (Found: C, 47.01; H, 4.34. c11 H12o5Fe 
requires C, 47.18; H, 4.32%). 
Tri carbonyl [ ( 1,2, 3 ,4-n )-1, 4-di methoxy-1, 3-cycl ohexadi ene]i ron (0) 
(101). l,4-Dimethoxy-1,4-cyclohexadiene (llg) was stirred in degassed 
refluent chloroform (ethanol-free, 100 ml) containing Wilkinson's catalyst 
(0.12g) during 2h. The cooled solution was filtered through alumina and 
the solvent removed to leave a colourless oil (llg) which was shown to 
consist of the conjugated and non-conjugated 1,4-dimethoxy-cyclohexadienes 
(ratio 3:1 respectively) together with some aromatic material ( < 10%). 
1 H nmr for the conjugated isomer in the mixture (CDC1 3): 04.90 (2H, 
s , 2 - , 3-H ) , 3 . 6 0 ( 6 H , s , 0 Me ) , 2. 4 0 ( 4 H , s , 5 - , 6- H ) . 
This mixture (llg) was heated in the presence of filtered Fe(C0) 5 
(25 ml) and di-~-butyl ether (freshly filtered through basic alumina) 
at a bath temperature of 135-145° for 18h. After cooling, the solution 
was filtered through Celite and solvent removed, together with excess 
Fe(C0) 5 , under aspirator pressure (12 mmHg, 70°). Chromatography on silica 
with petroleum ether gave a single band which was collected and distilled 
to g i v e tr i carbon y 1 [ ( 1 , 2 , 3 , 4-n ). - 1 , 4-di me th o xy - 1 , 3- c y cl oh e x ad i en e] i r on ( 0 ) 
b.p. 90°(10- 3 mmHg) as a low melting solid (7.13g, 48% based on conjugated 
-1 ( diene); v 2055, 1960 cm : oH CC1 4)5.02(2H, s, 2-,3-H),3.40 max. 
(6H, s, 0Me),2.35-l.70(4H, m, 5-,6-H); m/z 280 (M+) 252,224, 196.(Found: 
C, 47.29; H,4.28. Calculated for c11H12o5Fe C,47.18; H,4.32%). 
T r i c a r b on y l [ ( 1 , 2 , 3 , 4 - 11 ) - l - n 10 r p h o l i n o - 1 , 3- c y c l oh e x a d i en e] i r on ( 0 ) 
( 10 8 ) . Th i s comp l e x was prep a red by · i r rad i a ti on t of 1-mo r p ho l i no c y cl oh e x a - 1 , 
t A medium pressure 250 W mercury la mp was used. 
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3-diene (3.22g) in petroleum spirit (1500 ml) containing pentacarbonyliron 
(3.8g) during 2h. Filtration through Celite followed by evaporation gave 
crude (108) as yellow-orange crystals, which readily crystallised from 
o -1 ( hexane (87%) , m.p. 97/98 C, \Jmax. 2028, 1960 cm ; oH CC1 4) 5.27 (lH, 
d, ~ 4 Hz, 2-H), 5.04 (lH, dd, l 4, 4 Hz, 3-H), 3.73 (4H, t, ~ 5 Hz, 
morpholine, 2.94 (3H, m, 4-H, morpholine), 2.56 (2H, m, morpholine), 
+ 2.30-1.95 (2H, m, 5-, 6-H), 1.85-1.50 (2H, m, 5-, 6-H); m/z 305 lM), 
277, 249, 247, 219; (Found: C, 51.33; H, 5.17; N, 4.64. c13H15 N04Fe 
requires C, 51.18; H, 4.96; N, 4.59%). 
Tri carbonyl [(l,2,3,4-rt4-methoxy-1-morpholino-l,3-cyclohexadiene]iron(O) 
(109) was prepared (54%) by the same method as just described from diene 
(92) (2.15g), m.p. 83/84°C; \J 2025, 1960 cm- 1; oH (CC1 4) 5.06 (2H, max. 
s, 2-, 3-H), 3.73 (4H, 5, J 5 Hz, morpholine), 3.45 (3H, s, 0Me), 2 .. 95-
2. 30 (4H, m, morpholine), 2.26-1.60 (4H, m, 5-, 6-H); m/z 335 (M+), 307, 
279, 277, 249. This compound was rather unstable even when stored under 
a nitrogen atmosphere at low temperature (-20°). 
Tricarbonyl[(l,2,3,4-1}3-rrethoxy-1-morpholino-1,3-cyclohexadiene]iron(O) 
(111) and tricarbonyl[(l,2,3,4-n)-4-rrethoxy-2-morpholino-1,3-cyclohexadien~ 
iron(0) (110). Treatment of the mixture (4g) of conjugated isomers (2..Z) 
and (98) derived( 93 ) from diene (93) (containing 40% conjugated material) 
with pentacarbonyliron as already described gave initially a red oil which 
was chromatographed (Si02, benzP.ne-ethyl acetate, 1:1) to give a yellow 
oil (31%). Crystallisation from hexane gave yellow crystals identified 
( o ( -1 as 111), m.p. 94/96 C dee.); \Jmax. 2022, 1955 cm ; 
30 2 ( w) nm ; o H ( CC 14 ) 5 . 36 ( 1 H , b r s , 2 -H ) , 3 . 7 5 ( 4 H , 
u. v. 209, 260 (w), 
t, ~ 5 Hz, morpho-
line), 3.63 (3H, s, 0Me), 3.33 (lH, d, 1_ 2 Hz, 4-H), 2.93-2.50 (4H, m, 
morpholine), 1.86-1.66 (4H, m, 5-, 6-H); m/z 335 (M+), 307, 279, 277, 
249. The mother liquors obtained from above were concentrated to leave 
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0 an orange oil which solidified on prolonged standing at -20 C, m.p. 
50/56°c. This oil was shown to be complex (110), v a 2030, 1950 cm- 1; 
- m x. 
u . v . 2 12 , 30 7 n m ; c5 H ( C C 14 ) 5 . 9 3 ( 1 H , d , i 2 H z , 3-H ) , 3 . 80 ( 4 H , t , i 5 H z , 
morpholine), 3.45 (3H, s, O~e), 3.12 (lH, d, 12 Hz, 1-H), 3.83 (4H, t, 1 
5 Hz, morpholine), 2.10 (lH, m, 5-H); 2.00-1.50 (3H, m, 5-, 6-H); m/z 355 
( M +) , 30 7 , 2 7 9 , 2 7 7 , 2 4 9 . 
Reactions of complexes with Acid - Tricarbonyl[(l,2,3,4-n) -l,3-
dimethoxy-l,3-cyclohexadiene)]iron(O) (.§.i) (5g) was stirred in trifluoro-
acetic acid (10 ml) at o0 for lh and then at 10° for ten minutes . The 
mixture was cooled to -50° and an ice-cold solution of ammonium hexa-
fluorophosphate (5g) in water (20 ml) was added. After reaching ambient 
temperature, the precipitated yellow salt was filtered, washed with cold 
water (5 ml) and air-dried. The solid was purified by precipitation with 
ether from acetone solution (acetonitrile should not be used) to give 
tricarbonyl[(l,2,3,4,5-n)-3-methoxy-2,4-cyclohexadien-1-yl]iron(l+) 
( - 1 hexafluorophosphate (~1), 4.9g (70%); v CH 2c12) 2110, 2060 cm ; cSH max, 
(CD3.CO.CD 3) 6.36 (2H, d, J 6 Hz, 2-, 4-H), 4.28 (3H, s, OMe), 4.20 (2H, 
t, i 6 Hz, 1-, 5-H), 3.02 (lH, m, 6-H), 2.04 (lH, d, J 15 Hz, 6-H}; 5C 
(CF 3co2H) 202.97 (CO), 144.02 (C-3), 89.86 (C-2, -4), 59 . 74 (OMe), 56.23 
(C-1, -5), 25.97 (C-6); (Found: C, 30.64; H, 2.44; Calculated for 
--
c10H9o4FePF6; C, 30.49; H, 2.30%). 
Use of di -TFA caused a decrease in the intensity of the signals at 
c5 4.20 and c53 .02. The mass spectrum of the salt showed the presence of 
mono and di-deuterated species (see text) . 
Tricarbonyl[(l,2,3,4-n) -l,4-di methoxy -l, 3-cyclohexadiene]i ron(O) 
(101) or tricarbonyl[(l,2,3,4-n) -4-methoxy -1-(2- propoxy) -l,3-cyclohexa-
-
diene]iron(O) (1.59) gave the dienone (44) (80%), identified by co mp arison 
of its spectral data with those of th~ known compound, (23 ) and a small 
amount of the 2-alkoxy salt (2-10%). Use of o2so4 (97% D) gave dienone 
(123), the deuterium level being assessed by integration of the 
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proton resonances 1n the 'H nmr spectrum (oH' 5.72) and by the ratio 
of the intensities of the molecular ions in the mass spectrum (m/~ 234 
M+ and 235 M+ + 1) after allowing for natural abundance contributions. (lll) 
Hydride Abstraction from Complexes. - Tri carbonyl [(l,2,3,4-n)-l,3-
dimethoxy-l,3-cyclohexadiene]iron(O) (54) (5g) was dissolved in dry 
dichloromethane (10 ml) and added dropwise to a stirred solution of trityl 
tetrafluoroborate (7.6 g) in the minimum volume of dichloromethane. The 
mixture was stirred for 0.5 h then poured into reagent grade ether (200 ml) 
causing a yellow precipitate to form. This solid was filtered, washed 
with ether and then treated with water (80°, 1 h) to yield after extraction 
with ether, tricarbonyl [(2,3,4,5-n)-3-methoxy-2,4-cyclohexadien-l-one]iron(O) 
(124), (28%); v 2050, 1970, 1665 cm- 1; oH (CC1 4) 5.50 (lH, dd, l max. 
6, 2 Hz, 4-H), 3. 76 (3H, s, OMe), 3.56 (lH, d, l 2 Hz, 2-H), 2.80 (lH, m, 
5-H), 2.20 (2H, m, 6-H); m/z 264 (M+), 236, 208, 180. Addition of NH 4PF6 
(10% aq. solution) to the aqueous phase caused a yellow solid to prec1p1-
tate. The solid was washed with water and air-dried. Recrystallisation 
(acetone-ether) gave tricarbonyl [(l,2,3,4,5-n)-2,4-dimethoxy-2,4-cyclohexa-
dien-l-yl]iron(l+) hexafluorophosphate (134) (37%); v (MeCN) 2110, 
- max. 
2060 cm- 1; oH (co3.co.co3) 7.18 (lH, s, 3-H), 4.18 (2H, d, l 3 Hz, 1-, 
5-H),3.92 (6H, s, OMe), 3.16 (lH, dt, l 15, 6Hz, 6-H), 2.28 (lH, d, J 
15Hz, 6-H); oC (CD 3CN) 147.36 _(C-2,-4), 66.79 (C-3), 56.91 (OMe), 42.62 
(C-1,-5), 27.28 (C-6); (Found: C, 30.96; H, 2.61. c11H11o5Fe PF6 
requires C, 31.16; H, 2.62%). 
Sodium borohydride (0.2 g) was added in one portion to a stirred 
solution of dienone (124) (1.4 g) in dry l,2-dimethoxyethane(l5 ml) at o0 c. 
The mixture was stirred at 4°C during 12 hand then poured into water. 
Extraction with ether followed by usual work-up gave a dark oil which 
was dissolved in propionic anhydride (3 ml) and then treated with HPF6 
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(2 ml aq., 65%) at o0c. This mixture was stirred for a further 15 m1ns 
and then diluted with ether (100 ml). Filtration and washing with ether 
left a pale-yellow solid which was purified (acetone-ether) and shown 
by comparison of its 1H nmr spectrum with a known sample to be (11_) 
0. 8g ( 39%) . 
Tricarbonyl[(l,2,3,4-n)-4-methoxy-1-(2-propoxy)-l,3-cyclohexadiene] 
iron(0) (1.Q.£) (1.5g) gave a mixture of salts which were converted (H 2o, 
0 . 50 , lh) to the ketones. Chromatography (Si0 2 - hexane/ether, 1:3) gave 
two bands identified (faster band) as tricarbonyl[(2,3,4,5-n)-4-(2-
propoxy)-2,4-cyclohexadien-l-one]iron(O) (127) (54%), m.p. 110/112°; 
-1 ( v 2050, 1960, 1670 cm ; oH CC1 4) 5.50 (lH, dd, J 7, 3 Hz, 3-H) max. -
4.33 (lH, sept , i 7 Hz, OCH), 3.43 (lH, q, i 3 Hz, 5-H), 2. 76 (lH, d, J 
7 Hz, 2-H), 2.25 (2H, m, 6-H), 1.33 and 1.46 (6H, two overlapping d's, 
+ ~ 7 Hz, Me); m/z 292 (M), 264, 236, 208; the second (slower) band was 
i den ti fi ed as tri carbonyl [ ( 2, 3, 4, 5-n) -4-rre thoxy-2, 4-cyc 1 ohe xadi en -1-one] 
iron(0) (126) (58%), m.p. 104/105°; v 2050, 1960, 1670 cm- 1; oH 
max. 
( CC 14 ) 5 . 5 6 ( 1 H , d d , J 7 , 3 Hz , 3-H ) , 3 . 7 5 ( 3H , s , 0 Me ) , 3 . 46 ( 1 H , m , 5-H ) , 
+ 2.75 (lH, d, ~7 Hz, 2-H), 2.23 (2H, m, 6-H); m/z 264 (M ), 236,208,180. 
Tricarbonyl[(l,2,3,4-n)-l-morpholino-l,3-cyclohexadiene]iron(O) (108) 
(3.09g) gave tricarbonyl[(2,3,4,5-n)-2,4-cyclohexadiene-1-( morpholino-
iminium)]iron(l+) hexafluorophosphate (1]_7) (from trityl hexafluorophosphate 
in 95% yield; v (nujol) 2070, 2020, 1990, 1590 cm-l oH 
max. 
(CD 3.co.co 3) 6.60 (lH, dt, i 5, 1 Hz, 3-H), 6.24 (lH, t, i 5 Hz, 4-H), 
3.96 (4H, t, i 5 Hz, morpholine) 3.90-3.42 (7H, m, 2-, 4-, 6-H, morpholine) 
2.84 (lH, d, J 17 Hz, 6-H); (Found: C, 35.09; H, 3.39; N, 2.89. 
c13H14o4NFePF6 requires C, 34.77; H, 3.14; N, 3.12%). 
Sodium borohydride reduction of iminimum-salt (137). Sodium 
borohydride (0.O3g) was added in one portion to a stirred solution of the 
salt (0,33g) in dry dimethoxyethane (7 ml) at -40° in an atmosphere of 
N2. After 5 ·min the cooling bath was removed and the mixture allowed 
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to reach ca. o0 before diluting with ether. The solution was then 
partitioned between ether and cold water in the usual way. The organic 
phase was dried and evaporated to yield a pale yellow oil which was dis-
solved 1n benzene-ethyl acetate (1:1) and quickly filtered through a short 
column of neutral alumina. Evaporation left an unstable yellow oil 
(0.14g, 63%) the spectral information of which suggestsit to be (141); 
v 2040, 1975 cm- 1, cS H (CC1 4) 5.20 (2H, m, 2-, 3-H), 3.68 (4H, t, J max. -
5 Hz, morpholine), 3.10 (2H, m, 1-, 4-H), 2.40 (4H, m, morpholine), 2.18 
+ (lH, m, 5-H), 1.88-1.32 (2H, m, 6-H); m/z 305 (M ). 
Reactions of Cations (12) and (134) with some Nucleophiles. - (a) 
Tri carbonyl [(1,2,3,4,5-n)-2,4-dimethoxy-2,4-cyclohexadien-1-yD iron(l+) 
hexafluorophosphate (134) (0.324g) was reacted with diethyl sodiomalonate 
(from diethyl malonate and sodium hydride, THF, o0) in THF at o0 by drop-
wise addition of the nucleophile (10% excess). After becoming homogeneous 
the yellow solution was poured into water and extracted with ether. The 
organic phase was washed with water, dried (MgS04) and concentrated to 
give a yellow oil which was chromatographed on silica-gel. Elution with 
benzene-ethyl acetate (10:1) gave tricarbonyl[(l,2,3,4-n)-l,3-dimethoxy-
6-(diethylmalonyl)-l,3-cyclohexadiene]iron(O) (142) (69%) m.p . 51-53°C 
(pentane) v 2055, 1975, 1750, 1730 cm- 1; cS H (CC1 4) 5.20 (lH, d, J max. -
2 Hz, 2-H), 4.00 (4H, q, l_ 7 Hz, -malonyl -CH 2-), 3.60 (3H, s, 3-0Me), 
3.34 (3H, s, 1-0Me), 3.10 (2H, m, 4-H, malonyl-CH-), 2.10 (lH, m, 6-H), 
1.72 (lH, m, 5-H), 1.26 (6H, t, l_ 7 Hz, malonyl CH 3), 0.90 (lH, m, 5-H); 
+ 
m/z 438 (M ), 410, 382, 354; (Found: C, 49.65; H, 5.01. c19 H22o9Fe 
requires C, 49.34, H, 5.06%. 
(b) Methyl sodio(phenylsulphonyl) acetate (1111111101 .) (from met hyl phenyl-
sulphonylacetate and sodium hydride, THF, o0)(lll) was added dropwise to 
a stirred slurry of cation (12) (10 mmol) in dry THF (20 ml) at o0 • 
After becoming homogeneous the mixture was poured into water and extracted 
with ether to· give after chromatography over silica (ethyl acetate-benzene; 
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1:9) a mixture of diastereoisomers of tricarbonyl[(l,2,3,4-n)-2-methoxy-
6-(methyl phenylsulphonylacetate)-1,3-cyclohexadiene]iron(O) (143), 59%; 
) -1 v (CDC1 3 2055, 1980, 1740 cm ; oH (CDC1 3) of a sample crystallised max . 
from methanol, m.p. 115-125°, 7.95-7.42 (5H, m, aromatic protons), 5.16 
(lH, dd, i 6, 2Hz, 3-H), 3.86 (lH, d, i 7 Hz, Ct!_S02Ph), 3.60 (3H, s, 
co2Me), 3.56 (lH, d, i 2 Hz, 1-H), 3.48 (3H, s, 0Me), the remaining resonances 
were not assigned; m/z 462 (M+ v.small), 434 (v.small), 406, 378; (Found: 
C, 49.37; H, 4.08. c19H18o8FeS requires C, 49.37; H, 3.93%). 
Freshly ground sodium amalgam (5%, 2.6g) was added in portions to a 
stirred mixture of the diastereoisomers of (143) (0.23g, 0.5 mmol) and 
anhydrous sodium monohydrogenphosphate (0.28g, 2 mmol) in dry methanol 
(10 ml). Within 15 min gas evolution had ceased and tlc showed complete 
disappearance of the starting complex (benzene, Rf 0.23) and formation 
of a single faster running material (Rf 0.5). The solution was decanted 
into water and the new complex isolated by extraction into ether. After 
drying (MgS04) and concentration of the ether, a yellow oil was obtained 
which was an almost pure sample of tricarbonyl h1,2,3,4-n)-2-methoxy-6-[ 
(methoxycarbonly)methyl]-1,3-cyclohexadienehron(O) (144) (0.13g, 81%) 
which was further purified by chroma tography over silica-gel (benzene); 
v .((DCi 3) 2050, 1975, 1730 _.cm.-l; oH (CDC1 3) 5.16 (lH, dd, i6, 2 Hz, max. 
3-H), 3.63 (3H, s, C0 2Me), 3.60 (3H, s, 0Me), 3.36 (lH, m, 1-H), 2.50 
(lH, m, 4-H), 2.42-2.10 (3H, m, 5-H, C~C02Me), 1.94 (lH, m, 6-H); 1.18 
- + (lH, br d, J 16 Hz, 6-H); m/z 322.013 5 (M ). c13H14o6Fe requires (M) 
322.013 9. 
(c) To a stirred, ice-cooled solution of cation (32) (2.0g) 1n acetone 
(20 ml) was added dropwise a cold saturated aqueous solution of NaCN 
(10% excess). The resulting mixture was stirred for a further 10 min, 
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solvent was evaporated and the residue taken up into ether. Usual work-
up gave a yellow oil which was purified by chromatography on silica-gel 
(benzene). Crystallisation from hexane gave tricarbonyl [(1,2,3,4-n)-2-
methoxy-6-cyanocyclohexa-l,3-diene]iron(0) (145), as a rather unstable 
ye 11 ow s o 1 i d , m . p . 12 5 / 12 7 ° C ( de c . ) ( 7 4 % ) ; v 2 2 4 0 , 2 0 4 5 , 19 7 5 cm - 1 ; 
max. 
cSH ( CCl 4) 5. 20 ( lH, dd, i 6, 2 Hz, 3-H), 3. 64 ( 3H, s, 0Me), 3. 38 ( lH, 
m , 1-H ) , 2 . 9 5 ( 1 H , m , 6 -H ) , 2 . 8 0 ( 1 H , m , 4 -H ) , 2 . 14 - 1 . 80 ( 2 H , m , 5 -H ) ; 
m/~ 274.988 1 (M+). c11H904NFe requires M 274.988 1. 
Further examples of the reactions of cation (12) with nucleophiles 
are given in Chapter six of this thesis. 
--
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CHAPTER THREE 
INTRODUCTION 
Presented in this chapter is a comparison of the rates of reaction 
of the 3-methoxy and the 2,4-dimethoxycyclohexadienyliron cations with that of 
the much studied 2-MeO isomer. Also given are the effects on rate of 
changing the type and position of substituents which enables for the first 
time semi-quantitative predictions of the reactivity of functionalised 
tricarbonylcyclohexadienyliron cation salts. 
DISCUSSION AND RESULTS 
The reactivity of transition-metal stabilised organic cation$ with a 
given reagent is dependent on the metal involved and attached ancillary 
ligands (CO, R3P etc.) as well as the structure of the organic fragment. 
A particularly useful set of rate comparisons has been published by Kane-
Maguire(ll2-119) and includes a selection of metals, a variety of cyclic 
organic ligands, effects of solvents, effects of different nucleophiles, 
and some temperature effects. Powell et al. (120 , 121 ) have compared the 
rates of reaction of open-chain cationic complexes of iron with the cyclo-
hexadienyliron cation salts and noted (for the reaction with activated 
aromatics) substantial increase in rates for the acyclic complexes. 
All other parameters being :constant, the effect of changing from 
iron to ruthenium in the complexes (6) and (145) in their reactions with 
acetylacetone led to a decrease in rate for (145) relative to (Q),(ll4) 
although separate mechanisms could not be ruled out. The rate of reaction 
of the corresponding osmium complex (146) was found to be approximately the 
same as that of the iron cation (6)_(llZ) 
l+ 
M 
(~) M=Fe(C0) 3 
(145)M=Ru(C0) 3 
(146)M= Os(C0) 3 
(l_iZ)M=Fe(C0) 2P(Ph) 3 
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7+ 
Replacing a CO ligand with Ph 3P gave a decrease in the rate of 
reaction with dimedone of complex(.§_) relative to (ill),(ll2) presumably 
by net increase in electron density Que to the better o-donor and weaker 
TT- acceptor properties of Ph 3P as compared to CO. The same effect has 
been observed in related systems. (25 ) 
Increasing the size of the ring containing the _pentadienyl cation 
ligand from 6 to 7 carbon atoms results in substantial decrease in rate 
- · (112) 
with acetylacetone (and dimedone to a smaller extent). Thi~ was 
interpreted as reflecting more severe steric interactions between the 
methylene groups of the ?-membered ring with the nucleophile as compared 
to the 6-membered ring. Later studies(ZS) showed that in some instances 
complexes such as (148) underwent attack by nucleophiles at alternative 
sites in the n5-system and this may be similarly responsible for the 
decreased rate of ( 148) relative to (§.). 
For a given cation salt (e.g. (§) ) and nucleophile (_acetylacetone), 
the effect of solvent on the pseudo-first order rate of reaction is: 
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Me 2co > CH2c12 > CH 3NOL > CH 3CN, although differences are not large 
. h. . l t. ( 114 ) S l ff d 1n t 1s part1cu ar reac 10n. o vent e ects are more pronounce 
with a more reactive nucleophile such as pyrrole. (ll6) A disadvantage 
of acetone is that it can undergo reaction with the cation. (lb) Dichloro-
methane is limited by the fact that some cation salts are not soluble 1n 
this solvent but an advantage is that salvation of the cation is low 
relative to say CH 3CN (see Chapter four). 
The kinetics of reaction between tricarbonylcyclohexadienyliron 
cations and a range of nucleophiles have been studied. The range includes, 
as mentioned, acetylacetone and dimedone,( 112 , 114 ) as well as phosphines 
d h h . ( 118) h t l . t. . ( 115 , 116) d t. d an p osp 1tes, e erocyc 1c aroma 1c species an ac 1vate 
aromatics such as di- and trimethoxybenzenes. (ll9) 
A quantitative comparison of the reactivity of tricarbonyl-n5-cyclo-
hexadienyliron BF4 with tricarbonyl-n
7
-cycloheptatrienylchromium BF4 has 
also been reported. (ll9) 
+ In spite of the fact that (C6H7) Fe(C0 3) salts are available with a 
wide range of substituents, including classical anionoid or cationoid groups, 
previous kinetic studies have only included the unsubstituted (2) and 2-
0Me (l) cations for comparison purposes. (ll2 , 114 ) The effect of the 2-0Me 
group here is to decrease the rate of reaction with nucleophiles by a factor 
of about ten. The explanation put forward for this effect was, in part, an 
effective decrease in positive charge on the ring carbon atoms due to 
participation of the oxygen lone pairs of electrons of the OMe group. (llZ) 
The 2-0Me cation is known to give reaction predominantly at C-5 with 
most nucleophiles while the analagous 2-Me cation is less discriminating 
(see introduction to this thesis). A correlation between nucleophi lic 
selectivity and the relative electron densities of C-1 and C-5, as ascer-
tained by 13c nmr, has been reported. ( 122 ) This correlation might also 
give insights into reactivity patterns and so this is considered below. 
CO2 Me I Me MeiiC] MeO 
M~j M~j· M 
MeO~Me 
7 150 6 153 
Me M 
·-
I M 
ill 
I-' 
. ~ ~ MeO 
8 1 2 1 51 
-
CO2Me 
I :e~~ 
M~J M 
Me 
10 9 15 2 
-
M= [F e(C0)3 r CO2Me Me O . ~ 
M e~ 
M M M~ j 
M e 
1 1 14 9 M e O 
134 
-
TABLE 3 
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In order to minimize uncertainties, the well-studied reaction of 
tricarbonylcyclohexadienyliron salts with acetylacetone was used as a 
basis for measurements of relative rates of reaction of a series of 
functionalised tricarbonylcyclohexadienyliron cations (Table 3). The 
reactions were performed and monitored in essentially the manner as that 
described by Kane-Maguire using acetonitrile or nitromethane as solvent · 
at a constant temperature of 40° + 0.1°. An excess of acetylacetone was 
always employed to ensure pseudo-first order kinetics. Under these 
conditions rates were calculated by measuring the slope of the plot of log 
Absorbance against time,after using a least-squares fit program to obtain 
the linear relationship. The absorbance values measured correspond to the 
decrease in intensity of the band at ca. 2110 cm-l in the I.R. spectrum 
of the reaction mixtures. 
The series of cations chosen for study allow comparisons of not only 
the type of substituent (C02Me, 0Me, alkyl) but in some cases the effect 
on rate of the position of a substituent can be assessed (2-0Me, 3-0Me 
etc). Unfortunately certain desirable cation salts are unavailable in pure 
form (2-C02Me) or are too unstable for the purposes of this kinetic study 
(3-C02Me). Also amenable to this study is the effect of combining groups 
of opposite electronic character (C0 2Me-0Me) which allows ultimately, 
predictions of reactivity of a wider range of substituted tricarbonyl-
cyclohexadienyliron cations to be made. 
The limitations of this approach have been acknowledged by the 
original workers. (llZ) For instance, the reaction deviates from linearity 
usually before one half-life (commonly 30-40% completion) and whether 
or not the rate constants are therefore meaningful is questionable. 
Furthermore it has to be assumed that the present range of compounds 
undergo reaction with acetylacetone, under the experimental conditions 
used, with the same mechanistic pathway. 
9 3. 
It is felt that this method of obtaining relative rate values is 
justified since the techniques, measurements and limitations will be 
internally consistent if not completely accurate in absolute terms. The 
kobs values obtained for (6) and (l) agree comfortingly well with those 
reported. (ll2) Also in keeping with Kane-Maguire's findings are the 
observations that both salts and products obey Beer's law over the con-
centration range being studied and that the tautomeric ratio (enol:keto) 
of acetylacetone is about 2:1 in CH 3CN at 40° and that this remains con-
stant throughout the period of reaction . 
In some cases (e.g. 2-Me) the reaction was performed on a preparative 
scale to confirm the expected regioselectivity of nucleophilic attack on 
the unsymmetrical cations. 
The limit of sensitivity of this method was made apparent when 
attempting to obtain kobs for the 2,4-dimethoxycyclohexadienyliron cation. 
In this instance the rate of decrease of the 2110 cm-l absorption was 
very slow and an alternative comparison of the reactivity of this cation 
with the 2-0Me salt was sought. 
It is known that pyrrole reacts with cation (~) about 105 times faster 
than does acetylacetone. (ll6) It seemed likely then that this increased 
reactivity could be used to allow the rate of the 2,4-dimethoxy cation 
(134) to be measured and compared to that of the 2-methoxy cation (l). 
-
Once again a large excess of the nucleophile (pyrrole) was employed. 
The rate of the reaction of pyrrole with (l) under these conditions (20°) 
was too rapid for the I.R. method to be used and so a stopped-flow 
apparatus in conjunction with a U.V.-visible spectrophotometer was employed 
for these measurements. 
The reactions obtained under these conditions were linear for about 
80% conversion of starting complex and k.obs values were measured for 2-3 
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half-lives by plotting log (At-~) against time where At is the absor-
bance at time t, and A00 is the final absorbance. The pseudo-first order 
rate constant was then calculated from the slope of this plot in the normal 
way. 
Table (4) gives details of kb values in acetonitrile and nitro-
o s 
methane for the reaction between the cations and acetylacetone as well 
as including the pyrrole comparison. 
The presence of a substituent at the 1- or 2-position of the n5-
system effectively reduces the statistical number of reaction sites to 
only one per molecule (reactions at C-2 and C-3 are not observed in 
cyclohexadienyliron cations) as compared to the unsubstituted or symmetri-
cal cations where reaction at either termini is a degenerate process. 
In view of this Table (5) has been constructed in such a way as to enable 
comparisons of relative rates of symmetrical cations or unsymmetrical 
cations to be made directly. Figures (3-6) display fitted plots 
values both logarithmic and normalised logarithmic for CH 3CN and 
Symmetrical Cations: 
of k 
obs 
CH 3N0 2. 
Inspection of molecular models shows that a substituent at the 3-
position of a cation e.g. entries (3,4 and 5) will exert no steric 
influence on the reactivity of t~e terminal positions so that any 
differences in rates between the 3-substituted salts and the unsubstituted 
salt should be predominantly due to electronic factors. 
The effect of a methyl group at the 2-position of an open-chain 
pentadienyliron cation on the rate of reaction has been shown to be 
minimal while a 3-Me group had a rather pronounced effect ( ~ 102 times 
slower in its reaction with dimethoxybenzene than the analogous cation 
without the 3-Me group). (l20) In this case though, the 3-Me group 
probably acts sterically to slow down the formation of the reactive 
· t d. t l th t s cati·on As shown(l20,lZl) by comparati·ve in erme ia e~ name y e ran . 
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TABL E 4 
Reaction of Cations with Acetylacetone: + -~ cFe J = 5xl0 ; cHAcAc J=0.6M 
T=40° 
I 
I Dienyl Salt I 
I 
I 
I w ' UNSUB I l 
I 
I 
I 1-Me (.fil ' 
' I 
I 2-Me ( 10) I 
-
3-Me ( 11) 
-
2-0Me ( 7) 
-
3-0Me ( 12) 
-
l-C02Me (9) 
-
l-C02Me-2-Me(~) 
1-CO Me-2-0Me(-150) 2 -
Bi cyclic PF6 ( 151) 
-
Bi cyclic BF 4 ( ill_) 
2,3-DiMe(152) 
l,5-DiMe-3-0Me(l53) 
Reaction of Cations with Pyrrole: 
I 
I 
T=25° 
I 
I Dienyl Salt I 
I 
! 
UNSUB (£_) 
2-0Me (]_) 
2,4-DiOMe (Ui) 
N.M. = Not meas ured 
N.R. = No reaction 
--
~ 
5 -1 ) 10 kobs /s (MeCN 105 k -1 obs/s (MeNo2) 
4.57 5. 10 
I N. M. 1.90 
1.72 1. 81 
I 3.69 3.33 
' 
I 0.43 0.84 
I 
! 
N.M. 7. 16 
55.3 53. 2 
30. 0 36. 8 
7.38 N.M. 
3.45 3.45 
3. 43 N.M . 
N.M. 2.08 
N. R. N.R. 
+ -¾ cFe J=3x l0 , ; cryrroleJ=lM 
I 
102 kobs/s- 1(MeN0 2) 
16. 2* 
1. 50 
0. 170 
* = Value taken from li t. ref . 116 (20.0°) 
I 
I 
' I 
I 
TABLE 5 
Symmetrical Cations 
I I I Entry 
1 Salt Solvent krel I I I 
I I I 1 , UNSUB CH 3CN 1.00 I ! 
I I 2 ' UNSUB CH 3No2 1.00 ! I i I 
' I 3 3-Me I CH 3CN 0.81 
I 
' I [ I I I ' 4 3-Me CH 3N02 0.65 I ! ' I : 
! 5 3-Ma) CH 3No2 1.40 ' ' I ' I ' I ' 6 2, 4-Di ME{) ' ., CH 3No2 I -I I I 
' ! I 7 1 5 - d i Me - 3- ME{) CH 3No 2 I : -I I ' I I j I 
' I I 
' '. 
' I ' ' I 
i 
' I ! ' I I i I 
' 
! 
I I ' I ' 
' 
' I I I I I I i 
j 
I 
Entry 
' 8 I I 
' I 
9 ' j 
10 I 
I 
I 11 ' I 
I 
I 12 I I 
I 
I 13 I 
' I 
14 I 
I 
l 15 I 
I 
16 
' I 
i 17 I 
' 
18 i 
' 
19 I 
j 
LO I 
21 
Unsymmetrical Cations 
I 
Salt I Sol vent : 
I 
: 1-Me CH 3N0 2 ' ! I 
2-Me CH 3CN 
I 
I 
2-Me CH 3N02 
I 
I 
2-MED CH 3CN 
I 
I 
' 
j 
I ' 2-MeO CH 3No2 ' I I 
l-C02Me I CH 3CN I 
l-C02Me j CH 3No2 I ' I l-C02Me-2-Me CH 3CN I I 
I l-C02Me-2- Me I CH 3No2 I 
l-C02Me-2-0Me i CH 3CN I I 
Bicyclic (BF4) j CH 3CN ' 
Bi eye l i c (PF 6) CH 3CN I I 
Bi eye l i c (PF 6) CH 3N02 
I 
i 2, 3-Di Me CH 3No2 
I 
I 
I 
krel 
0.37 
0.38 
0. 35 
0.09 
0. 16 
12. 10 
10. 40 
6.56 
7.22 
1. 61 
0. 75 
0.75 
0.67 
0.41 
'° 0-, 
. 
0 
er: -1 
z 
~ 
FIG. 3 Relative Rates of Reaction of Various Cations with Excess Acetilacetone 
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rates of reaction with dimethoxybenzene of the cyclic and acyclic cations, 
(i) and ( 154) respectively ( ( 154) is about 700 ti mes faster than (&,) ) 
as well as on stereo-electronic grounds, a trans cation is not possible 
1n the cyclic series. 
~1e 1e l+ 
Fe(C0) 3 
Me 
7+ 
(§.) 
As might be expected the influence of the Me group in (lJ) 1s small, 
(k 1, 0.65-0.81) a slight stabilisation of the positive charge being re 
--
observed. 
The origin of the stabilisation depends on the validity of invoking 
mesomeric interactions, acceptable in classical organic chemistry, but 
which with a complexed n-system may not be entirely accurate. This point 
is reinforced by considerin9 the effect of the MeO ~roup at the 3-position 
(entry 5) . A large mesomeric interaction is normally associated with the 
MeO group (Hammett o value for OMe is -0.27) and this should be parti-
cularly effective in the 3-position since mesomeric structures of type (A) 
could be envisaged . 
....... 
102. 
This should serve to reduce the overall positive charge at the 
termini leading to a decrease in the k 1 value. This is not observed, re 
+ + 
.. . 
M M M M 
OMe OMe 
( 12) A 
M= Fe(C0) 3 
k 1 being 1.40 showing a small increase in reactivity. This may be re 
explained by considering the inductive effect of the OMe group on the 
o - framework , w h i ch s ho u l d be i n de pen de n t of po s i ti on , b u t w h i ch w o u l d be 
expected to be only weakly experienced by the terminal carbon atoms. A 
--
small activation of C-1 (and C-5) would be the result and this is observed. 
An intermediate such as (A) requires the metal to bond to a 1,4-diene 
which is not a favourable process in this series. This may be a reason 
for (A) not contributing to the reactivity of (12). 
This result can be compared with the reactions of transition metal 
arenes such as (155) (123 ) or (156)( 45 ) which give nucleophilic 
addition preferentially to the meta-position. In the chromium case though, 
a recent communication has suggested that the alignment of the three 
carbonyl groups determines the observed site of reaction. (l24 ) 
103 . 
(155) 
R 7+ 
(OC) 3Mn 
(~) 
R= 0Me,NMe2 
Any activation due to the 3-Me0 group in entry (1) is totally over-
whelmed by the presence of the two Me groups situated at the site of 
reaction which must exert powerful steric effects. This cation does 
react with other harder nucleophiles e.g. H8 , in keeping with the angular 
alkylation studies of Pearson who showed that reaction takes place at the 
more substituted terminus in cations such as (80) and (157) with malonate 
- -(62c) 
and cyanide ions. 
Meo 
( 80) 
M==Fe(CO) 3 
-· 
l+ 0Me 7+ 
a 
(J2..?) 
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Symmetrical di-methoxy cation (134) reacted very slowly with acetyla-
cetone. This is expected in view of the deactivation associated with 2-
MeO cation (}__) since (134) not only has a double steric effect but also 
two cation stabilising groups. The observation of a rate about 9 times 
slower for (134) with pyrrole than (]_) is consistent with these deactiva-
ting influences. 
It is also interesting to consider the possibility of additivity 
associated with the OMe substituent. Employing the literature value(ll5 ) 
obtained fork b for reaction of unsubstituted cation (6) with pyrrole 
0 S 
it can be seen that inserting a 2-0Me group (1) gives a decrease in rate 
of around one order of magnitude (also observed for the acetylacetone 
reaction). A second addition of a 2-0Me group i.e. (134) gives a further 
drop in rate, also of about 10. It should be remembered though that being 
symmetrical (134) has two sites for reaction whereas (7) has one preferred 
-
site. 
Unsymmetrical Cations 
(a) mono-substituted. 
The effect of placing a Me group at C-2 (entry 10) is to reduce the 
reactivity of the cation so that k 1 becomes 0.35. Since C-5 is the re 
only site of attack observed the result can be interpreted as being 
firstly that there are only half the number of available reaction centres 
relative to the unsubstituted case, and secondly the small deactivating 
effect of the Me group at the 3-position (entries 3 and 4) may be also 
operational. Together these two points adequately rationalise the 
observed value. Again, however, the origin of the deactivating effect 
experienced at C-5 caused by a 2-Me group should be questioned, but 
since the effect is small, judgements are best withheld. 
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The effect of the methyl group at position 1- (entry 8) 1s again 
seen to be mostly steric, with little electronic component. 
The 2-0Me cation, however, calls for an explanation of its relatively 
slow rate, k 1 0.16-0.09. The steric argument applied to the 2-Me cation re 
above may be valid here also. On electronic grounds the -I effect assumed 
for the 3-MeO cation should also be observed here, but this time the distance 
to the observed site of reaction 1s greater and the effect should be m1n1-
mised at C-5, while C-1 should experience an activating influence due to 
the inductive effect. A delocalisation of charge similar to that drawn 
in structure (A) is not now possible 1n the 2-MeO cation. However, if 
the extreme cannonical structure (B) held any significant contribution 
then the observed low rate may be explained. This though means a meso-
me r i c n - type o f i n te r a ct i on w h i ch was note d as be i n g abs en t ( o r 1 es s 
significant than the -I effect) in the 3-0Me cation. Also structure (B) 
would be highly destabilised and cannot be reasonably considered . 
MeO 
M 
M= Fe (CO) 3 
• 
t1e0 t-1 
+ 
B 
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Comparing the relative rates of reaction of the 2- and 3-0Me cations 
emphasises the point that in order to predict reactivity, it is not 
possible to consider the metal and organic ligand separately. Instead 
the Fe(C0) 3 groups (which must have significant interaction with the TT -
orbitals of the dienyl ligand to stabilise it) should be considered an 
integral part of the TT-network and the alternate sites to which electron 
density is 'back' donated from the metal should be identified. (26 , 123 ) 
This has been done in full detail by Hoffmann(ll) for the unsubstituted 
cation (~) but a theoretical appraisal of the complete molecular orbital 
approach to substituted cations such as (2) is still awaited. (l25 ) Thus, 
for the moment, experimental results and not their detailed explanations 
dominate the area. 
In the carbomethoxy series, the only mono-substituted cation which 
has been isolated in pure form and which is sufficiently stable for the 
purpose of kinetic measurements is the 1-carbomethoxy cation (9). (7s) 
Of the cations so far studied this is the fastest in its reaction with 
acetylacetone (entries 13 and 14). The electron-withdrawing capacity of 
the ester group serves to activate presumably both termini but for steric 
reasons reaction proceeds only at C-5. 
Disubstituted Cations 
The salt derived from o-an1s1c acid (entry 17) 1s of interest because 
it puts into competition the activating 1-C02Me and the deactivating 2-0Me 
substituents. The result, k 1 = 1.61 shows that cation is affected to a re 
greater degree by the ester at position 1- than by OMe at the 2-position. 
This could be expected by consideration of the individual effect of the 
groups (entries 11 and 13). 
This additivity is further demonstrated by ·combining a 2-Me group 
(krel 0. 35, entry 10) and a l-C02Me group (krel 10.40, entry 14) to give 
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a cation which is activated overall but which still suffers the small 
deactivating influence (although it is perhaps larger than might be 
expected) of the 2-Me substituent. 
The effect of changing the counter anion from PF6 to BF4 is shown 
1n entries(~) and (19). This effect is minimal. Surprisingly though, 
the cation, although slightly deactivated relative to the unsubstituted 
standard, is activated relative to the 2-Me cation. Since this bicyclic 
salt could be considered as a 2,3-dialkyl cation, it was of interest to 
compare its reactivity towards acetylacetone with the monocyclic analogue 
shown in entry (.U:), Conformational rigidity is no longer a contributing 
factor to the rate of reaction. 
The result (krel 0.48) suggests that some relief of strain in (151) 
may be contributing to the overall rate of reaction. It would be of 
interest to compare the rates of reaction of other bicyclic cations e.g. 
[4.3.o]nonane system. 
Attempted Correlation of k 1 with 
13c Chemical Shifts 
re 
It was earlier indicated that 13c Chemical shift values had been 
used to correctly predict the preferred site of nucleophilic addition to 
unsymmetrically substituted cyclohexadienyliron cations such as the 2-0Me 
salt (1), (122 ) If 13c data gives true measurements of electron densities 
of particular carbon atoms then it may be possible to relate the chemical 
shift values of the carbons at the reaction site (called C-5 in this 
study) with the rates of reaction for a given set of cations. Table (6) 
collects the 13c chemical shift values, the difference in chemical shift 
between the terminal carbons (68 ), krel values and nucleophilic site 
pre di cti ans ( for acetyl acetone), correct or otherwise. 
From Table (6) it can be seen that a correlation between 68 and nucleo-
phile site preference does exist (a positive 68 value implies less electron 
density at C-5 than at C-1) with the exception of the 1-Me salt. However, 
TABLE 6 
13 
comparison or l ana ~1ne~1c uctLct 
I 
Dienyl Salt I k, l (MeCN) I cSC-5 cSC-1 6.o I ' I ! re I I 
I I ; 
I 
I I ! 
I I I . I I 
I I I i I I UNS UB (6) 1.00 I 65.4 65.4 0 I I I - I 
l 1-Me (8) I 0.37(MeN02) j 62.1 9 3. 7 -31. 6 : I 
- l I 
i I ( 10) 0.38 I 2-Me i j 66.3 6 3. 8 +2.5 I I 
- I 
' I I ( 11) , I 3-Me i 0. 81 62.7 62.7 0 I I I 
- ! I 
2-0:·1e ( 7) I 0.09 I 65.3 43. 8 +21. 5 
I - I ' I I I 3-0Me ( 12) l.40(Me N02) I 54.3 54.3 0 
-
I I 
: 
I l-C02Me (1) 12. 10 68.6 52.0 +16.6 I 
l-C02Me-2-Me(lli ) I I I 6.56 I 71.7* 55.9* +15.8 
I 
Bicyclic(l51) 0.75 I 66.4* 55. 8* +10.6 
I 
0.4l(Me N02) 2,3-DiMe (l52) I I 64.3* 62.1* +2.2 I I I 
*except where indicated, 13c chemical shifts are taken from ref. 122. 
t for reaction with ace ty lacetone 
I 
Correct ! selectivity I prediction t I 
l 
-
X 
./ 
' 
-
I 
-
./ 
I 
I 
I 
I 
........ 
0 
00 
. 
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no correlation between k 1 and either ~o or the C-5 chemical shift 1s re 
apparent. For instance, comparing the C-5 chemical shift values of the 
2- and 3-0Me cations would suggest that nucleophilic reaction at C-5 
of the 2-0Me salt would be a more facile process than the same reaction 
of the 3-0Me cation since the terminal carbon atoms of the latter are 
more shielded . The relative rate values (even allowing for the adverse 
statistical value of 0.5 for the 2-0Me cation) show this 1s not the case. 
Similarly the krel values of the 1-Me and l-C02Me should be about the same 
if C-5 chemical shifts are true representatations of potential reactivity. 
The observation of a relative rate difference of the two cations with 
acetylacetone of around 30 shows that is clearly not the case. 13c 
measurements are essentially for ground-state conditions and May not be 
representative of the transition-state situation. 
Attempted Correlation of Kobs with Hammett-Taft Substituent Constants. 
Using the ionisation of benzoic acid in water at 25° as a standard 
reaction, Hammett was able to define a set of substituent constants, 
quantified according to their effect on the rate of this reaction for the 
. l b . d b . . d ( 126 ) d appropriate y su st1tute enzo1c ac1 . These constants were e-
termined for substituents at the para and meta-positions of the aromatic 
acid, but not at the ortho position where steric interactions interfere. 
Having established this :data (called o or o ) he later found that 
m p 
the values could be applied to various reactions of aromatic compounds 
and a set of reaction constants were deduced (called p ). 
However, deviations from these re 1 a ti onsh i ps became evident 1;11hen 
the reaction site was attached directly to the aromatic nucleus e.g. 
ionisation of phenols, the reason being that groups capable of conjugation 
with the atom at the reaction centre will give extra stabilisation to the 
reaction intermediate. para-Nitrophenol is a stronger acid than wou l d be 
predicted by consideration of the Hammett o constant. p 
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With this and other limitations 1n mind (such as ortho effects and 
the fact that 0 values were applicable only to reactions at the side 
chain of substituted aromatics) it was not unreasonable to expect these 
linear free energy relationships to be taken further to cover a wider 
range of reactions. Taft(lZ?) separated effects such as inductiv~, con-
jugative and steric 1n defining a new set of constants (0*) based on the 
two standard reactions - alkyl ester or Q_-RC6H4co2R' hydrolysis- which 
by employing a p* value of 2.48 for the standard reaction (instead of 
1.00 for the Hammett 0 value for benzoic acid ionisation) gave constants 
numerically similar to 0 values. 
These constants, 0 and 0*, have since been applied to many other 
reactions and it is usually a deviation from linearity when plotting log k 
values for a reaction against 0 or 0 * (Hammet or Taft plots respectively) 
that has proved more useful to physical organic chemists. (lZS) 
Useful correlations between 0/ 0* values and various parameters have 
also be expressed in organometallic systems.· For example, a linear re-
lationship between 'H nmr chemical shifts and Hammett-Taft values for 
substituted arenecyclopentadienyliron compounds has been established(lZ9) 
as has a similar relationship for polargraphic reduction potentials for 
the same complexes. (l 30) Likewise, plots of Hammett-Taft substituent 
-
constants versus 'Hor 13c nmr shifts of substituted arenechromium-
tricarbonyl yield straight line relationships. (l 3l) 
Substituent effects in tricarbonycyclohexadienyliron cations have 
not been measured with respect to their relationship with reactivity. 
The availability of a range of substituted cations of this type (C0 2R, 
alkyl, H, 0Me) covering both electron attracting and donating groups might 
make such a study poss ible although it would require a detailed under-
standing of the nature of the bonding system between the dienyl carbons 
and the metal group. 
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The purpose of this section is to simply draw attention to the 
fact that preliminary experiments involving plotting log kobs (for 
the reaction of some cations with acetylacetone earlier discussed) 
against substituent constants do indeed give a linear relationship 
(Fig. 7). Whether or not this is extendable in any way which might 
give information about the bonding in these cations is the object of 
continuing investigation in this laboratory. 
Inspection of the limited data (Table 7) shows that substituents 
with positive o values increase the rate of reaction of the cation with 
acetylacetone relative to the unsubstituted salt. Tho se s ub s tituents 
with a negative o value give lower relative values. While this may 
have been intuitively predicted, it does reveal the essential differences 
in the locati6n of a substituent e.g. 2-0Me or 3-0Me. It allows, if 
accurate, for the first time, semi-quantitative predictions of the 
reactivity of substituted tricarbonylcyclohexadienyliron cations. 
Dienyl Salt 
l -C02Me ( 9) 
3-0Me (_g) 
UNSUB ( 6) 
3-Me ( l l ) 
-
1-Me (8) 
2-Me ( 10) 
2-0Me ( 7) 
TABLE 7( 132 ) 
106 kobs/s-l 
( Me NO 3) 
log 
6 10 kobs 
532.0 
.- 71.6 
51. 0 
33.3 
19.0 
18.1 
8 .4 
2.73 
1.85 
1.71 
1. 52 
1.28 
1.26 
0.92 
0 
meta 
0. 32 
0. 12 
0.0 
-0.07 
-0.07 
0 para 
0.0 
-0. 17 
-0.27 
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EXPERIMENTAL SECTION 
GENERAL 
The same general details given 1n Chapter two apply here. 
Preparation of Cations - Tri carbonyl [(1,2,3,4,5-n) -2,4-cyclohexadien-l-
yl]iron(l+) hexafluorophosphate (6) was prepared according to the pro-
cedure of Birch(s2) using sulphuric acid demethoxylation of the mixed 
complexes formed from dihydroanisole. (7a, 9 l) 
Tricarbonyl[(l,2,3,4,5-n)-l-methyl-2,4-cyclohexadien-l-yl]iron(l+) 
hexafluorophosphate (_Q) was prepared by T.-C.Khor of this laboratory by 
a method involving methyl lithium addition to tricarbonyl[(2,3,4,5-n)-
2,4-cyclohexadien-l-one]iron followed by protonation of the resulting 
l h 1 ( 38b) . a coo. 
Tricarbonyl[(l,2,3,4,5-n)-2-methyl-2,4-cyclohexadien-l-yl]iron(l+) 
hexafluorophosphate(lQ) was prepared by a demethoxylation procedure as 
described. (32 ) 
Tri ca rbony 1 [ ( 1, 2 , 3, 4, 5-n-) - 3-methy l - 2 ,4-cyc 1 ohe xad i en - l -y 1] iron ( l +) 
hexafluorophosphate (D) was prepared by a literature method,( 82 ) again 
using a demethoxylation procedure. 
Tricarbonyl[(l,2,3,4,5-n)-2-methoxy-2,4-cyclohexadien-l-yl]iron(l+) 
hexafluoropho~phate (2) was pr€pared according to the organic synthesis 
procedure. (9l) 
Tricarbonyl[(l,2,3,4,5-n) -3-methoxy-2,4-cyclohexadien-l-yl]iron(l+) 
hexafluorophospha te (12) was prepared as described in Chapter two of this 
thesis. 
Tri carbonyl [ ( 1 , 2 , 3 , 4 , 5-n ) - l -me tho xy carbon y l - 2 , 4 -c y c l oh e x ad i en -1 -y l] 
iron(l+) hexafluorophosphate (1) was prepared from the mixture of comp lexes 
resulting from the reaction of methyl dihydrobenzoate with pentacarbony-
liron by a process involving acid catalysed equilibration to give a single 
isomer,foTlowed by hydride extraction_(?S) 
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Tricarbonyl[(l,2,3,4,5-n)-l-methoxycarbonyl-2-methyl-2,4-cyclohexadien-
l-yl]iron)(l+) .hexafluorophosphate (149)was prepared by B.M.R. Bandara of 
this laboratory by a similar procedure to that described for the l-C02Me 
cation (2_) above. (73 ) 
Tricarbonyl[(l,2,3,4,5-n)-l-rrethoxycarbonyl-2-rrethoxy-2,4-cyclo-
hexadien-l-yl]iron(l+)Hexafluorophosphate (150) was prepared by a litera-
ture method( 57 ) from o-anisic acid. 
Tri carbonyl [( 1,2, 3 ,4, 5-n )-2 ,4-dimethoxy-c ,4-cycl ohexadi en -1-yl] iron ( l+) 
hexafluor9phosphate(l34) was prepared as described in Chapter two of 
this thesis. 
Tricarbonyl[(l,2,3,5,6-n)-bicycloc4.4.0Jdeca-l,5~dien-3-yl]iron(l+) 
tetrafluoroborate (151a) and the hexafluorophosphate (151) v-Iere rrepared 
as follows. Tetralin (13.2g, 0.1 mol) was reduced under usual Birch 
conditions· using lithium metal in liquid ammonia and tert-butanol as 
proton source (see Chapter two for general conditions and also reference 
7(a) ). Work-up gave bicyclo c4.4.0 Jdeca-3,6(l)-diene as a colourless 
solid m.p. 40/42° (lit. (l 33 ) 42°), 82%. This diene (10 g) was treated 
with Fe(C0) 5 (20 g) in refluent di-n-butyl ether (100 ml ) during 48 h. 
After cooling, the dark solution was filtered through Celite and con-
centrated under vacuum(12 mmHg) at 80°. The resulting dark-yellow oil 
was chromatographed over silica-gel (petrol/ether, 20:l) and the yellow 
product so obtained was distilled to give a mixture of tricarbonyl[(l,2, 
3,6-n)-bicycloc4:i:0 Jdeca-2,6(l)-diene]iron(O) and the (1,2,5,6-n)-l, 
5-diene complex (3:1) as a viscous yellow oil b.p. 100°, 0.03 mmHg (48%); 
v (neat) 2045, 1960 cm- 1; c5 H(CDC1 3) 5.13 (lH, d, J 7Hz, 2-H), 2.95 max. -
+ (lH, m, 3-H), 2.8-1.3 (12H, m, (CH 2)4 , 4-, 5-H); m/ .z 274 (M· ). This 
complex was then dissolved in concentrated sulphuric acid and stirred at 
ambient temperature during 2.5 h. After this time the mixture was poured 
onto crushed ice, and extracted with ether. Evaporation gave a new 
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complex, tricarbonyl [(l,2,5,6-n)-bicycloc4.4.0 Jdeca-l,5-diene]iron(O) 
purified by chromatography over silica-gel (petrol) (85%); v (neat) 
max. 
2045, 1960 cm- 1; oH(CDC~ 3) 2.96 (2H, br.s, 2-, 5-H), 2.7-1.3 (12H, m, 
(CH 2)4 , 3-, 4-H); m/~ 274 (M+). Treatment of this complex with trit~yl 
tetrafluoroborate or hexafluorophosphate in the usual way( 9l) gave the 
required salts (151,BF4
8 
or PF6
8 ) in 90% yield, purified by crystalli-
sation 1~cetone-ether); v 2110, 2040 cm- 1; oH (CD3CN) 5.76 (lH, d, J 7Hz, ~ max. -
2-H), 4.28 (lH, dd, -'2_ 7, 6Hz, 4-H), 3.76 (lH, d, -'2_ 6Hz, 1-H), 3.2-1.9 
(lOH, m, (CH 2)4 , 6-H); oC (CD 3CN) 203.6 (CO), 123.2 (C-2), 109.9 (C-3), 
99.7 (C-4) 66.4 (C-5), 55.8 (C-1), 28.7, 27.2, 26.4 (C-6, C-8, C-9, not 
assigned), 21..6, 2.16 (C-7, C-10, not assigned). 
Tricarbonyl[(l,2,3,4,5-n)-2,3-dimethyl-2,4-cyclohexadien-l-yl]iron(l+) 
hexafluoro_phosp·hate(l52) was prepared by a demethoxylation reaction as 
follows. 3,4-Dimethylanisole was reduced in the usual way (see Chapter two) 
to give l-methoxy-4,5-dimethylcyclohexa-l,4-diene (75%) b.p. 85°, 12 mmHg 
(Lit.( 62 a)b.p. 104/105~ 40 mmHg). Conjugation of this diene (Wilkinson's 
catalyst, CHC1 3, reflux, 10 min ; see Chapter two) followed by complexa-
tion with Fe(C0) 5 in di-n-butyl ether at 140° (18 h) gave a mixture of 
complexes with tricarbonyl[(l,2,3,4-n)-l-methoxy-2,3-dimethyl-l,3-cyclo-
hexadiene]iron(O) as the major component. Treatment of this mixture with 
sulphuric acid then NH 4PF6 (see Chapter two) _gave almost pure tricarbonyl[ 
(l,2,3,4,5-n)-2,3-dirnethyl-2,4-cyclohexadien-l-yl]iron(l+) hexafluoro phosphate 
(152) contaminated with a small amount(~. 5%) of the 1,2-dimethyl isomer; 
v 2110, 2060 cm- 1; oH (CD 3CN) 5.88 (lH, d, J 7Hz, 4-H), 4.24 (lH, dd, max. 
~ 7, 5Hz, 5-H), 4.40 (lH, d, ~ 5Hz, 1-H), 2.90 (lH, m, 6-H) 2.73 (3H, s, 
2-Me), 2.16 (3H, s, 3-Me), 1.90 ( lH, partly hidden doublet, 6-H); oC 
(CD 3CN) 203.8 (CO), 120.3 (C-2), 107.7 (C-3), 101.9 (C-4), 64.3 (C-5), 
62.1 (C-1), 26.2 (C-6), 19.5 (2-Me), 18.l (3-Me). 
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Tri carbonyl [( l, 2, 3, 4, 5-n) -1, 5-d i methyl -3- me tho xy- 2, 4-cyc l ohe xa-
d i en- l -y l] iron ( l +) hexafluorophosphate (153) was prepared by G,Kretschmer 
of this laboratory according to a literature procedure. (lb) 
Kinetic measurements. Distilled acetylacetone (0.6 g, 6 mmol) was 
dissolved in either acetonitrile or nitromethane (analytical reagent grade, 
stored over 3A molecular sieves; 10.0 ml) and then thermostated at 40° 
(+ 0.1°) for 15 min before adding the cation (0.02 g, ~ 0.005 mmole). 
The mixture was shaken to give homogeneity and allowed to stand at 40° 
for a further 15 min (from the time of addition) before sampling. In the 
cases of the carbomethoxy substituted cations (9), (149) and (150) samp-
- - -
ling was commenced immediately after addition of the cation and continued 
at 2.5 min intervals till 20 min and then at 5 min intervals. Reactions 
of other cations were sampled every 15 mins, other exceptions being (134) 
and (153) which were monitored at 30 min intervals till 4 h then every 
-
60 min. The sampling technique consisted of removing an aliquot of the 
mixture by syringe and placing it in a 0.5 mm calcium fluoride liquid 
-1 infra-red cell. -The decrease in intensity of the band at 2110 cm was 
measured against a matched calcium fluoride cell filled with the 
appropriate solvent. Values for the decrease in intensity of the band 
-1 -1 were measured by either scanning from 2150 cm to 1900 cm (a Perkin-
Elmer 225 was used) or by setting the instrument (Perkin-Elmer 683) to 2110 
-1 
cm and following the decrease at this fixed wavelength. The results 
obtained by both methods were in good agreement. 
A least-squares fit program was applied to the natural logarithm 
values of the measured absorbance and time coordinates to give a fitted 
line (ln A Y..:i.._. t), the slope of which gave the observed rate constant for 
the pseudo-first order reaction. 
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Kinetic measurements for the reaction of pyrrole with cations (l) 
and (134) were obtained using a conventional stopped-flow mixing device 
attached to a Cary 118 spectrophotometer set at 380 nm and the v1hole 
appartus, including mixing chambers, was thermostatically controlled at 
25.0°(+ 0. 1°). Initial concentrations of the cations and pyrrole were 
-3 3 x 10 Mand lM respectively. Values were obtained for five runs with 
an average reproducibility of 5%. 
Confirmation of the site of addition of acetylacetone to the 2-Me 
cation. The kinetic procedure was scaled-up in the case of the 2-Me 
cation to allow isolation of the product and thereby confirm the expected 
regioselectivityof acetylacetone under these conditions. Thus, the 2-Me 
salt (0.2 g) was reacted with acetylacetone (6 g) 1n acetonitrile (100 ml) 
at 40° during. 24 h. The mixture was concentrated to leave a yellow oil 
which was filtered through a small pad of Celite with ether. The 'H 
nmr of this crude material was measured and compared with a sample of the 
purified complex (see below). There was no indication from the spectra 
of the crude or purified compounds of any addition to the 1-position of 
the salt. The complex was purified by chromatography over silica-gel 
(petrol-ether, 1:1) followed by crystallisation (hexane) to give tri-
carbonyl [ ( 1,2,3,4-n)-2-rrethyl-5-(2', 4'-dioxopent-3'-yl )-1,3-cyclo-
hexadiene]iron(O), m.p. 109/flo0~ vmax. (CC1 4), ~050, 1980, 1965 cm-
1; 
oH (CDC1 3) 5.28 (lH, br. d, ~ 6Hz, 3-H), 3.30 (lH, d, ~ lOHz, 3
1
-H), 
2.6-3.1 (3H, m, 1-, 4-, 5-H), 2.15 (3H, s, COMe), 2.05 (3H, s, COMe), 
2.03 (3H, s, 2-Me), 1.95 (lH, partly hidden multiplet, 6-H), 1.16 (lH, 
br. d, 1_ 15Hz, H-6); (Found: C, 54 .18; H, 4.88. c15 H16o5Fe requires 
C, 54.24; H, 4.86%). 
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CHAPTER FOUR 
INTRODUCTION 
The object of this chapter 1s to highlight the ability of tricarbonyl-
cyclohexadienyliron cations to partake in C-C bond forming reactions. To 
do this, a novel reaction between these reagents and O-silylated enolates 
of a range of carbonyl compounds is discussed. The related, but less 
reactive, allyl silanes similarly undergo reaction with the iron salts 
and some of these reactions are also discussed. The generality of these 
reactions is further explored by employing tricarbonylcyclohexadienyliron 
cations having either classical electron withdrawing or releasing groups 
as well as unsymmetrical cation salts where optional sites of reaction 
are a possibility . 
RESULTS AND DISCUSSIONS 
Part I - reactions with TMS enol ethers 
Of the nucleophiles which have been combined with tricarbonyl-
cyclohexadienyliron cations those which produce new C-C bonds are of 
most interest to the organic chemist. Such anionoid reagents include 
~N,(Z 3) enols (from ketones,(lb) dicarbonyl compounds),(Z9) stabilised 
enolate anions,(l 34 ) enamines,( 74 ) metal alkyls (metals like Cu, Zn, Cd, 
-B, and recently Rli compounds have been shown to react in good to excellent 
yields). (l 35 ) Unsymmetrical ketones react with the dienyl cations through 
the more thermodynamically favoured enol tautomer. (lb) A useful extension 
to this reaction would be the ability to react selectively alternative 
enols of unsymmetrical carbonyl compounds as show_n by equation [341. 
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0 
M x~ ~ 
K M + ~ 
M 0 
~y 
______ [34] 
M=Fe(C0) 3 
A solution to this problem 1s found 1n the use of trimethylsilyl 
(TMS) enol ethers as protected carbonyl compounds which has the double 
advantage that they undergo smooth and rapid reaction with the dienyl 
cations, and that directed TMS enols ethers can be prepared by known 
th d (136) me o s. 
Kinetically controlled enolisation of an unsymmetrical ketone can 
be achieved using hindered bases such as lithium diisopropylamide at 
low temperatures (-78°) to ge~~rate a lithium enolate corresponding to 
deprotonation from the less hindered a-carbon atom. Under conditions 
where this enolate does not equilibrate i.e. no excess ketone, 0-silyla-
tion using TMS chloride gives rise to a specific TMS enol ether. Once 
formed, TMS enol ethers are not susceptible to equilibration, and can be 
readily isolated. 
Conversely, deprotonation under equilibrating conditions, usually 
with NEt 3 in dimethylformamide at reflux, gives mixtures of enolates 
which undergo 0-silylation to yield mixed TMS enol ethers. The ratio 
of product~ formed varies according ~o the thermodynamic stability of 
each enolate anion which in turn depends on the structures involved. 
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The use of specifically prepared TMS enol ethers 1n organic synthesis 
1s extensive. A particular application is their use 1n selective aldol 
condensations, pioneered by Mukaiyama, Kuwajima and Noyori. For this 
purpose the TMS enol ether can be used as a source of a specific enolate 
anion by reaction with a nucleophile such as F8. (l 37 ) The strength of 
the Si-F bond is partly responsible for the success of this reaction. 
Other aldol reactions involving TMS enol ethers can be carried out in 
the presence of a Lewis-acid catalyst such as Ti Cl 4. (l 3B) In this 
instance, the metal, by coordination, polarises the carbonyl group of the 
other aldol reaction component and thereby accentuates the electrophilic 
character of the carbonyl carbon making it susceptibl e to attack hv the TMS 
.., 
enol ether. The same process can be achieved(l 39 ) by reacting the dimethyl 
acetal of the carbonyl compound with the TMS enol ether under the influ-
ence of a ca ta 1 y ti c q u an ti t y of tr i methyl s i 1 y 1 tr i f 1 ate , ( s e e e q u at i on s [ 3 5 ] , 
[36], and [37] ) 
OTMS 0 
+ F 
--
RCHO 
-- -- -- [35] 
OTMS 
+ 
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Tr1S0Tf 
.. 
- - -- [ 36] 
~1 
----- _[37] 
Reviews of the preparations and reactions of TMS enol ethers are 
abundant but two of the more useful ones .are by J.D 1 Angelo( 57 ) and by 
(140) J.K.Rasmussen. 
Another advantaqe of us1nq TMS enol ethers as rrotected enolate 
anions is that unlike the latter salts, TMS enol ethers are monomeric 
· 1 · (l4l) b -~ d d 1 C lk 1 . 1n so ut1on, are non- as1c an un ergo on y -a y at1on, even 
with reactive halides, in the presence of a Lewis-acid catalyst (ZnBr2 
1s commonly used). (l42 ) 
Use is made of these properties in the reactions between TMS enol 
ethers and tricarbonylcyclohexadienyliron cations. A reaction between 
olefin-Fp+ complexes and ketone TMS enol ethers has been reported by 
Rosenblun/ 143 ) and subsequent to a publication from this laboratory a 
report has appeared from Nicholas on the reaction between Co stabilised 
propargylic cations and ketone TMS enol ethers. (l 44 ) 
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In view of the fact that 1-cyclohexenyl methyl ether was found 
not to react with tricarbonylcyclohexadienyliron cations,( 74 )first 
attempts to react the TMS enol ether of cyclohexanone(155) with the un-
substituted cation were performed in refluent acetonitrile. These gave 
only very poor yields of the desired adduct. Repetition of the reaction 
at room temperature, however, gave a smooth and rapid conversion of the 
salt to a neutral complex, although an excess of the TMS enol ether was 
required to give complete reaction. The reaction can be conveniently 
monitored for completion by observing the disappearance of the ~~nd at 
-1 + 
~ - 2100 cm (Fe(C0) 3 ) together with formation of a new ba,nd at ca 
-1 1970 cm . Nitromethane can be used also as solvent for the reaction 
which is still generally rapid at -15°C. 
After completion, solvent and any excess TMS enol ether were removed 
from the reaction under vacuum and the residue chromatographed on silica. 
The yellow products so obtained could be distilled under high vacuum to 
give, in this instance, a yellow oil which crystallised from petroleum 
ether . The spectral data of this complex were found to correspond to 
those of the complex derived by reaction of the same cation with 
cyclohexanone. (lb) The composition shown by structure (156) was also 
confirmed by elemental analys~s. 
7+ 
M + 
Et0H, 80° 
-r,-,1rn, , _ nr 
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An important feature of this reaction is the fact that a catalyst 
,snot required. This is a reflection presumably of the naked nature 
of the dienyl cation which is unlike other partially polarised systems 
(such as an carbonyl carbon atom) in that only little activation energy 
will be required for interaction with a nucleophile. The cations are, 
however likely to be solvated in acetonitrile and this is enphasised in 
a later reaction involving allylsilanes. 
The scope of this new reaction was studied with respect to both the 
cation and the TMS enol ether. It was shown for instance that even the 
slower reacting 2-MeO cation (l) underwent rapid reaction with the TMS 
enol ether of cyclohexanone giving the known( 74 ) tricarbonyl-2-rrethoxy-5 
(1'-oxocyclohe·x-2'-yl)-1,3-cyclohexadieneiron t157) in 79% yield. Like-
wise, bicyclic salt (151) gave adduct (158) (91%) as the only product, 
when treated with this TMS enol ether, indicating selective reaction at 
what is presumably the less hindered terminus of the cation. Hydride 
reacts at both ends of this cation (equation [38] ). 
0SiMe 3 
l+ 
~ 5 + 
MeO 
M ..... -
M=Fe(C0) 3 
124 ~ 
OTMS 
(151) \155) 
-
M 
M=Fe(C0) 3 Ratio 90 
+ 
• 
. 
M 
10 
M 
0 
(158) 
-
_ _ _ _ _ [ 38 l 
To see if ·a carbomethoxy group was compatible with the reaction, 
salt (159) was prepared from rneta-toluic acid according to Scheme 
( 9 ) . ( 78 ) The reaction of this cation with cyclohexanone TMS enol ether 
was again rapid, and gave 84% yield of the crystalline carbomethoxy 
complex (160). The IR of this compound showed a broadened absorportion 
-1 at 1705 cm due to the overlapping ketone and ester carbonyl stretching 
frequencies (a l-C02Me group appears at 1698 cm-
1);(?B) the 'H nmr clearly 
showed the presence of the l-C02Me group (63 .62) and the 3-Me group (62.12) 
confirming the compatibility~of the ester function with this reaction. 
Me 
l.Li/NH /H: I 
2. Me 2so4 Me 
M=Fe(C0) 3 
CO2 Me CO2 Me 
1. Fe(CO) 5 
2. H 
·Me 
SCHEME 9 ( 159) 
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OTMS M 
D 
~ s·~o (159) + ~ Me 4 
( 155) 
(160) 
M= Fe (CO) 3 
. 
The a-stereochemistry 1n the product is assumed by compar ison of 
'H nmr spectra with similar co~pounds(Z9) of defined geometry although 
this comparison is not particularly valid 1n the cyclohexanone series 
where the resonances of the ring methylene protons tend to swamp the area 
of the spectrum normally associated with the Sa-position. In a later 
example, however, a splitting pattern typical of a Sa-substituted complex 
1s clearly observed and by analogy with this and the known reactivity(?a) 
of other irreversible carbon nucleophiles, reactions with TMS enol ethers 
are presumed to occur at the ogposite face of the cation to that bearing 
the metal . 
Attention was next turned to examining the scope of the reaction with 
respect to the TMS enol ether. An important point to be determined was 
whether a regio-defined TMS enol ether would maintain this integrity 
during reaction with tricarbonylcyclohexadienyliron cations. To examine 
this, the TMS enol ether of 2-methylcyclohexanone (161) was prepared(l 3E:a) 
by kinetically controlled deprotonation and silylation of the resulting 
enolate anion. This was then reacted in the usual manner with a range of 
tricarbonylcyclohexadienyliron cations, (6),(7),(149) and (151). In each 
- - - -
case the product corresponded to a-s ubs titution in the cyclohexanone ring 
.1 26. 
at the position originally occupied by the double bond i.e. the less 
hindered or kinetically favoured site. The reaction is thus regio-
specific with respect to both the TMS enol ether as well as with the 
unysrrmetricai' cations examined. The mechanistic implications of this 
lack of rearrangement in the cyclohexanone ring are discussed 1n a 
later section. 
7+ OSiMe3 
M ( 161) 
( 6) , t 7) , ( 14 9 ) , ( _15 1) 
- -
~), ( 162), R 1=R2=R3=H 
(_,Z_),(~_), R1=R 3=H,R2=0Me 
1 2 3 R =COzMe,R =Me,R =H ( Ji2.) , ( 164) , 
(151),(165), 1 2 3 R =H,R, R = -(CH2)4-
.• 
RI 
R2 
(C0) 3Fe 
0 
~ 
~ '1 Me R3 ,,, 
(162)-(165) 
- -
The products from this reaction were (162)-(165), the reg10-
chemistry of addition to (161) being deduced mainly by the ap pearance 
in the 1 H nmr of the Me group adjacent to the ketone carbonyl group. In 
all cases this was either a clean doublet (J =7Hz) or else two double t s 
due to diastereomers. All products were obtained as diastereorneric mixtures 
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and in the case of (163) a partial separation was effected by crystalli-
sation. Further structural proof was obtained by reacting the cation (&_) 
with 2-methylcyclohexanone in refluent ethanol giving the alternative 
isomer (166,n =l) in which the Me resonance appeared as a singlet. In 
addition, complex (162) was converted by oxidation and dehydrogenation 
to the known 2-rrethyl-6-phenylcyclohexanone (see Chapter 6). 
l+ 0 
+ 
(6) 
(166) 
-
The same retention of regiospecificity \..,ras observed 1n the reaction 
between cation (6) and the kinetically derived TMS enol ether of 2-
rrethylcyclopentanone;(l35a)this reaction is discussed in more detail 1n a 
later section of this thesis. 
l+ OTMS ) 
+ 
(6) ( 1§.§.) 
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In the cases of the TMS enol ethers so far mentioned, the double 
bond of the enol ether has been constrained in a 6-membered ring and 
can be considered as being E in geometry. Using TMS enol ether (169) 
provided not only an opportunity to extend the series to an acylic TMS 
enol ether but also to investigate an olefin of Z geometry. TMS enol 
ether (169) is prepared by deprotonation of 3-pentanone at -78° with 
ethyl trimethylsilylacetate in the presence of a catalytic amount of 
fluoride ion . (l45 ) 
Reaction of this 0-silylated enolate with salt (149) gave 88% yield 
of complex (170) as a mixture of diasastereomers. Glc showed the mixture 
to contain the two complexes in the ratio 33:38 indicating only slight 
diasastereomeric selection, and not sufficient to make any significant 
comments on possible transition states of the reaction. 
Me 
M 
(~) 
M=Fe(C0) 3 
+ 
-
OTMS Me 
M-..-
(170) 
0 
The generality of this reaction was next extended to include TMS 
enol ethers derived from carbonyl compounds other than ketones. Accord-
ingly _ketene silyl acetal (172)/(173) was prepared by deprotonation at -78° 
of methyl phenylacetate using LOA followed by quenching of the enolate 
anion with TMS chloride. The distilled product corresponded to a single 
geometrical isomer which is that shown in structure (172) by comparison 
of the spectral data with those reported by Ainsworth. (l46) 
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The interesting feature here is the fact that under the sarre con-
ditions,deprotonation followed by 0-silylation of methyl propionate gave 
a large preponderance of the other geometrical isomer, that is with the 
©\__/OTMS 
H;\OMe 
(11.?) 
H OTMS 
Et Me 
OMe 
H;\OTMS 
\ U]) 
bulky silicon group trans to the ethyl group (174). (l46 ) In the case 
of methyl phenylacetate, Ireland has suggested a stabilisation of the 
intermediate enolate by the aromatic ring in transition state (175) 
leading to the observed product. (l47 ) This is further supported by the 
-
work of Posner who also noted a stabilisation by a phenyl group, of 
lithium enolates. (l4B) 
QMe 
0 0 I 
Ph I H 
' 
I I I 
' 
I I I 
' I ~ J ~ (~) 'Li \ill) Li I I J I / , 
/ I 
,.,- H I ,,...H I I I I ..,. ..,. I ,/ .,, I _,,, N·_..,. N ..... 
A ~ 
(175) ( 176) 
-- -
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Ainsworth tlaims isolation of pure (173) following deprotonation/0-
silylation at o0 c. The use of lower temperatures for deprotonation 
offers then a route to the alternative isomer (172). 
The 0-silylated enolate reacted in, the expected manner with cations 
(6),(149) and (151) to give the complexes (177),(178) and (179) respec-
tively. The I.R. spectrum of each of these complexes showed typic?l 
-1 -1 
ester absorption at~- 1740 cm (together with a 1710 cm absorption 
in carbomethoxy complex (178) ) while the doubling of signals in the 1 H 
nmr of both the crude and distilled samples indicated the presence of 
diastereomers. A partial separation of the diastereomers of the products 
(177) and (178) was achieved by fractional crystallisation. The phenyl 
and co2Me resonances appeared as singlets in the 
1H nmr spectrum of the 
separated material. 
R' l+ 
( 6), ( 149), ( 151) 
- - -
--
( 149), ( 178), 
(151),(179), 
1 2 3 R =CO2 Me, R =Me, R = H 
1 2 3 ( ) R =H,R , R = - CH 2 4-
Ph OTMS 
>=< H OMe 
( 172) 
R' 
0 
111111
~Me 1 I 
Ph 
(.!..Z._7) ,(178) ,(179) 
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The lactone TMS enol ether (180), prepared by deprotonation (LOA) 
and 0-silylation at -78° of 4-butyrolactone (reaction at o0 c as reported (l 46 ) 
gave mixtures}~l49 ) reacted with cations (~),("!_),(149) and (12_1) to give 
the 3-substituted lactones (181) ,(182) ,(183) and (184) respectively, 
- - -
again as mixtures of diastereomers . Apart from complex (1 83) the products 
in this series were oils. 
R' 7+ OTMS 
(CO)3Fe [PF5r + 0 
(6),(7),(149),(151) ( 180) 
- - - -
(6), (181), 
(1) , ( 182) , 
(149),(183), 
- -
(151),(184), 
- ----
R1=R2=R 3=H 
1 3 2 R =R =H, R =OMe 
1 -·2 3 R =C02Me, R =Me,R =H 
1 2 3 R =H,R ,R = -(CH2)4-
R' 
R2 
• (CO)3 Fe H 0 
~ ,,,,,,~o i' R3 J'LJ 
(181)-(184) 
As with the other adducts discussed, the mass spectra of these 
complexes showed definite molecular ions with sequential loss of the 
carbonyl ligands. This was then usually followed by an aromatisation 
step which has been suggested(lSO) to be a charac teristic fragmentation 
pattern of Sa-substituted complexes, but not of their 5B-isomers. The 
l-C02Me adducts generally showed only a weak ion corresponding to this 
aromatisation process. 
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The final class of 0-silylated enolates to be studied was that 
derived from 2-rrethylpropionaldehyde. The TMS enol ether(185) was 
prepared in this instance by the me thod of Stang (l5l) using triethy-
lamine/TMS choride in refluent DMF. In this case, this procedure is 
superior to the LOA method where only a poor yield of the enol derivative 
was obtained. 
Despite the presence of the two rrethyl groups, the aldehyde TMS 
enol ether gave excellent yields of adducts (186),(1 87) and (1 88) (77-94%) 
from cations (6) ,(149) and (151) respectively. The ability of these 
- - -
cations to alkylate at such a hindered site is a useful asset to the 
generality of this reaction. Use of this enol ether did, however, expose 
a limitation .to the scope when it was found that cation (80) failed to 
react with (185); the presence of the Me group at the preferred site 
of reaction in the cation being sufficient to block reaction. No adduct 
was formed by reaction at C-1 of the cation as has been observed in other 
reactions of this cation nor was deprotonation of the 5-Me observed. 
Further mention of this lack of reaction is made in Chapter 5. 
R' l+ 
(C0)3Fe [PF6r + 
(6),(149),(51) 
- -
MeO 
3 
·Fe(C0) 3 
(80 ) 
7+ 
rOTMS 
\185) 
RI 
R2 
~ (C0)3 Fe 0 
R3 H 
(186)-(188) 
It fl ~ 
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It was similarly found, by others, that 1,2-bistrimethylsiloxy-
l-cyclopentene (189) reacts with the cations under the usual conditions. 
The initial product is the protected acyloin which undergoes facile 
hydrolysis and dehydration to give 2-substituted cyclopent-2-ene-l-ones, 
eg. (191).( 152 ) 
M l+ 
( 151) 
-
M= Fe(C0)3 
OTMS 
OTMS 
(189) 
-
M 
( 11..Q ) 
M 
( -~) 
The TMS enol ether of (+)-camphor was used next to examine the 
-
reaction of a highly hindered ketone derivative and also to test a 
possible enantiospecificity of this reaction. The compound (192) was 
prepared by trapping,with TMS chloride, of the enolate formed during the 
,I 
Zn induced debromination of 3-bromo camphor according to the procedure 
of Joshi and Pande. (l53 ) 
From its reaction with the unsubstituted cation (§_), the product 
was obtained as a mixture (1:2.5) of isomers (endo-exo, with respect to 
the camphor bridge) which could be equilibrated using MeOH-KOH or basic 
134. 
Al 2o3 to >90% of one of them,presumably(l
54 ) the less hindered endo 
isomer (195). Interestingly, in the case of the slower reacting (see 
Chapter 3) unsym11etrical cation ("JJ, if the reaction was not allowed 
to proceed to completion, the recovered salt was found to be optically 
active, [ a] 0 varying between -1° and -18° depending on reaction con-
ditions (see table 8) . 
l+ 
OTMS .. 
(6), R=H (JE_) 
( 7) ; R=OMe 
--
t 19 3) , R = H ; ( 19 4) , R = OMe 
mixture of exo and 
endo adducts 
rv90% endo 
R 
(11_5) R=H 
( ~) R=OMe 
The enantiomeric excess (e.e.) of the enriched 2-MeO cation having 
[a] 0- 18°, was determined by examination of the 'H nmr spectrum of the 
diastero111ers produced in its reaction with (-)-1-phenyl ethylamine. A 
lan thanide shift reagent, Eu(fod) 3, was re quired to make integration of a 
particular resonance possible since the normal spectrum was not infor-
mative in this sense . Addition of the shift reagent caused the MeO peaks 
r -:1 
. 
TABLE 8 . 
' 
I 
Salt (l_) , [a] 0 Ti me 1 % recovered [a]o, % recov2red TMS enol ether % adduct of (+)-camphor h (mmol) salt ( C 5, camphor ( mmo 1 ) CH3CN) 
1 [o. o] 2 ', 15 <5 70 -10.20 37 
2 [o. o] 1 20 <5 86 -3. 08 33 1--' 
w [o. o] (..J7 1 5 7 45 56 -2.60 not measured . 
1 [-3.08] 5 21 53 49 -18.0 45 
2 [o. o] 1 0.75 <5 70 -1. 20 not measured 
l {~); R = OMe 
2 Obtained by dilution of the reaction mixture with reagent grade ether. 
l ' 
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to separate and the relative intensities of these were measured . The 
average of 20 scans was used to give a value of 15% e.e. to the enriched 
salt. (l 55 ) The absolute configuration of this salt has been since 
deduced by direct correlation of it's enantiomer with (-)-cryptone (198) 
and is indicated in structure (197). This represented the first case of 
(partial) direct resolution of a potentially chiral cation of this type. 
The process of kinetic resolution (destruction) has been employed in other 
areas such as partial resolution of dialkylcyclopropanes using platinum 
l . (156) comp exat1on. 
+ 
[ a lo -18 
( 19 7) 
Ph 
H2N~ 
CH 3 
( - ) 
0 
--
(-) (198) 
Ph 
H ><H 
'-NCH 
= 3 
OMe 
(-)(-); t+)(-) 
Part II - reactions of tricarbonyl cyclohexadienyliron cations 
with all.yl silanes. 
Having demonstrated the generality of the reaction between tricarbonyl-
cyclohexadienyliron cations and 0-silylated enolates, attention was turned 
to the investigation of a related class of silicon. based nucleophiles, the 
allyl silanes. These reagents can be considered as the all-carbon 
analogues of TMS enol ethers as shown. 
137. 
( 199) 
Although there is no donor atom in allyl trimethylsilane (199.) as 
there is in say the enamine case, these reagents are known to undergo 
nucleophilic additions as well as the expected electrophilic reactions 
of the olefin. In fact, they have been found to undergo transfer of the 
allyl unit extremely rapidly, even at -78°, to Lewis acid activated 
( 15 7) 
enones. Advantages of these reagents are that they are stable to 
air and water and, importantly, unlike allylic Grignard reagents, they 
do not undergo allylic isomerisations. (l53 ) Many reviews cover the 
preparations, reactions and properties of these important reagents. (i59 ) 
Transfer of an allyl group to tricarbonylcyclohexadienyliron cations 
has previously been achieved through use of organometallics such as allyl 
cadiumum reagents. (l 3Sb) In many cases the yield of product was poor and 
there 1s some doubt as to whether functionalised (e.g. co2Me) cations 
would be compatible with the reaction. 
The reaction between allyl trirrethylsilane (commercially available) 
and the unsubstituted cation (§_) was first examined to define experi-
rrental conditions. No reaction occurs when the reagents are stirred at 
room temperature in acetonitrile contrasting immediately with the much 
more reactive TMS enol ethers. Heating a mixture of the cation and the 
silane (1.1 equivalent) to 60° in acetonitrile for several hours gave a 
reasonable yield of the adduct (200) (52%), but contaminated with 
aromatic ma terial and small amounts of two other compounds (tlc), 
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tentatively identified on the basis of 'H nmr and mass measurements as 
(a) the neutral dimer complex (202) by reductive coupling(l50) and (b) 
a product of higher alkylation such as (204). The same observation was 
made for the 2-methyl cation (10). 
R ' 7+ JSiMe3 - R 
{C0)3 Fe [PF6j'- + 1 I {C0)3 Fe 
,,,JI 
5 3' 
(199) (200) R=H 
(6) R=H ( 201) R=Me 
( ill R=Me R 
+ 
{C0)3 Fe 
(202) R=H 
-
( iO 3) R=t-1e 
(~) R=H 
(205) R=Me 
Changing solvent from acetonitrile to dichloromethane eliminated 
the problem of mixtures. Although mos t of the salts are only partially 
soluble in dichloromethane and the reaction 1s initially not homogeneous, 
as reaction proceeds the salt dissolves and this can be used 1n addition 
-1 to following the loss of the 2100 cm absorption, as a monitor for com-
plete reaction . An excess of silane is required to drive the reaction to 
completion al though this may be recoverable . A further point concerning 
the rate of reaction was observed on changing from acetonitrile to dichloro-
rrethane; . the reaction was substanti.ally faster in the latter solvent, 
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suggesting a salvation barrier 1n the acetonitrile case which is not 
present in dichloromethane. A similar solvent effect has been observed 
1n the reaction between cations such as (£) and 1,3-diketones. (ll4) 
With conditions opti mised the reaction between allyl trimethylsilane 
and a variety of functionalised tricarbonylcyclohexadienyliron cations 
was examined. The period of reaction varied depending on the salt em-
ployed, the 1-carbomethoxy cation (149) requiring 1 hour while the same 
reaction using the 2-Me cation (10) required 36 hours for completion. 
Because of the low reactivity of this nucleophile it is not surprising 
that the unsymrretrical salts, and especially (1Q), gave products of 
reaction at only the least hindered terminus. 
R' l+ 
( 7), ( lZ), ( 1491, ( 15 lJ 
- - - -
(7),t206), R1=R 3=H, R2=0Me 
( 12 ) , ( 2 0 7 ) , R l = R 2 = H , R 3 = 0 Me 
( 14 9 ) , ( 2 0 8) , R l =CO2 Me , R 2 = Me , R 3 = H 
(12]),(~), R1=H,R2 ,R 3= -(CH2) 4-
R' 
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A disadvantage of this low reactivity was noted in the case of 
the 2-0Me cation, which is also deactivated towards nucleophilic 
attack (Chapter 3), in that reaction between the cation and silane 
proceeded extremely slowly in refluent dichlororomethane (b.p. 40°). 
However, use of the higher boiling 1,2-dichloroethane (b.p. 83°) gave 
satisfactory results (84-96%, 15 hours). 
The same could not be said for disubstituted cation (80) which failed 
to react with allyl trirrethylsilane in either solvent. However, it was 
found that use of the more reactive allyl trimethylstannane (210) gave 
about 30% reaction with this cation in refluent dichloromethane (15h) 
with about 50% recovery of the salt. The tlc of the crude reaction 
mixture showed 1 major spot but five minor ones (not identified). It 
was therefore thought inadvisable to use a higher boiling solvent to 
try and drive the reaction to completion. 
MeO 
,,,,,~ 
I 
-30% 3 
(80) 
( 211) 
( 210) 
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It is important to note as a demonstration of the low basicity of 
allyl tri methy lsilane that deprotonation of the terminal methyl group 
of salt (80) was not observed. 
The silane (212) is an important example because it effectively acts 
as an 1soprene fragment. It was of further interest to study its reaction 
with tricarbonylcyclohexadienyliron cations e.g. (149) because of the 
presence of the two methyl groups situated at the site of reaction. The 
isolated product (213) (95%) corresponds to reaction at the hindered site 
in the silane without any detectable amounts of material due to allylic 
rearrangement. This reaction highlights the ability of tricarbonyl -
cyclohexadienyliron cations to undergo C-C bond formation even at a 
tertiary centre. 
Me 
( 212 ' 
M= Fe(CO) 3 
Me 
M--+-
3 ~ 
( 213) 
Some structurally different allyl silanes were also examined . 
Silanes (214) and (216) are easily obtained by Birch reduction of the 
. d (161) aroma tic compoun . Sil ane (214) readily underwent reaction with 
cation (151) to yie .ld - complex (215) as the only product (98%) in which 
142 . 
the double bond is now in an exocylic situation. Likewise the cylic 
silane (216) . (equivalent to a substituted isoprene unit) gave (217) as 
the only detectable product (86%). 
M 
( 151) 
M 
(151) 
M= Fe(CO) 3 
7+ 
7+ 
.-
\ 214) M 
( 215) 
-
M 
(_ill) 
1 I 
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It is worth pointing out at this stage that benzyl trimethylsilane, the 
precursor of (214), failed to react with even the more reactive cation (149) 
-
when refluxed for 24 hours 1n dichloromethane. (l59 ) Similarly vinyl 
trimethylsilane could not be made to react with these cations despite 
the relatively forcing conditions of a sealed-tube experiment (100°, 24 h)(l59 ) 
Further features of the reactions between TMS enol ethers, or allyl 
trimethylsilanes, with tricarbonylcyclohexadienyliron cations are discussed 
1n the following chapters. These features are (a) mechanistic aspects 
of the reaction (Chapter 5) and (b) the use of these silicon-based reagents 
in providing examples to demonstrate the synthetic equivalency of the 
cations, which includes a novel procedure for arylation in the 2-position 
of carbonyl ~ompounds (Chapter 6). 
144. 
EXPERIMENTAL 
GENERAL 
Earlier details apply. 
THF was dried over sodium/benzophenone. Trimethylsilyl chloride 
was distilled from dry quinoline prior to use. Triethylamine 
and diisopropylamine were dried by distillation from potassium 
hydroxide. Pentane and ether were dried over sodium wire. All 
reactions involving enolate formations and silicon compounds were 
performed 1n an atmosphere of dry nitrogen. Cyclohexadienyliron 
cation salts were prepared as described in Chapter three. 
Preparation of 0-Silylated Enolates. - General Procedure. To a 
stirred, ice-cooled solution of Meli (71.4 ml, 1.4 M solution 1n ether, 
0.1 mol) in dry THF (150 ml) was added, by syringe, over two minutes, 
diisopropylamine (10.1 g, 0. 1 mol). Immediate evolution of methane was 
observed and the solution became pale yellow. This solution was then 
cooled externally to -78° and the carbonyl compound (0.09 mol) added 
dropwise over 0.5 h. The mixture was stirred for a further 0.5 h then 
trimethylsilyl chloride (36 g, 0.3 mol) containing triethylamine (5 ml) 
was added dropwise over 5 m1ns. The solution was allowed to warm to o0 
and then dry pentane (150 ml) was added. A white solid was filtered, 
washed with pentane and the washings collected. These were then combined 
and washed with ice-water (2 x 50 ml) , then ice-cold NaHC0 3 solution (5%, 
2 x 50 ml) . The organic phase was separated, dried (Na2so4), and concen-
trated to leave a pale yellow liquid which was purified by distillation. 
2-Methylcyclohexanone gave 6-methyl-l-trimethylsiloxycyclohexene (161) 
70%, b. p. 55/56° (5 lllTlHg) (lit. (l 36a)59/61°, 7 mmHg), v 1665 cm-l 
max . ' 
.. 
ILl!._ 
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oH(CCl4) 4.70 (lH, t, i 3 Hz, 2-H), 2.2-0.9 (7H, m, 3-,4-,5-,6-H), 0.94 
+ (3H, d, i 7 Hz, Me), 0.10 (9H, s, Si(Me) 3); m/~ 184 (M ). 
2~Methyl cycl open tan one gave 5-methyl -1-tri methyls i l oxycycl opentene ( 16 7) 
74%, b.p. 67/69° (30 mmHg) (lit.( 136a)73/78°, 34 mmHg), v 1640 cm- 1, 
max. 
oH 4.40 (lH, m, 2-H), 2.56-1.2 (SH, m, 3-,4-,5-H), 0.96 (3H, d, i6 Hz), 
0 . 15 ( 9H, s , Si (Me) 3) ; m/ ~ 170 ( M +) . 
Methyl phenylacetate gave phenyl ketene methyltrimethylsilylacetal (172) 
84% by trapping the lithium enolate (formed at -78° as before) with 
trimethylsilyl chloride. Filtration, evaporation and addition of pentane 
allowed complete removal of lithium salts without resorting to aqueous 
work - up. The pentane solution was again filtered and then concentrated 
to leave ayellow liquid which was distilled (b.p. 61/62°, 0.05 mmHg; 
lit. ( l 46 ) b.p. 95°, 0.5 mmHg) to give only the Z isomer (172); v (film) 
- max. 
-1 1650 cm ; 8H(CC1 4) 7.4-6.8 (SH, m, aromatic protons), 4.50 (lH, s, 
+ 
olefinic proton), 3.60 (3H, s, 0Me), 0.26 (9H, s, Si(Me) 3); m/~222 (M ). 
y-Butyrolactone gave(l49 )l-oxa-2-trimethylsiloxycyclop~nt-2-ene (180) 
36%, b.p. 80/81° (30 mmHg); v 1685 cm- 1; 8H(CC1 4) 4.25 (2H, t, i 9 Hz, max. 
5-H), 3. 58 (lH, t, i 2 Hz, 3-H), 2.62 (2H, dt, i 9, 2 Hz, 4-H), 0.28 (9H, 
s , Si (Me) 3) ; m/ ~ 15 8 ( M +) . 
Z-3-Trimethylsiloxy-2-butene (169) was prepared from 3-pentanone 
according to the method of Ku~ajima, (l4S)b.p. 60/61° (45 mmHg) ; vmax . 
(film) 1678 cm-l; 8H 4.46 (lH, dq, i 6.5, 1.5 Hz, 2-H), 2.00 (2H, m, 4-H), 
1.52 (3H, dt, i 6.5, 1.5 Hz, 1-H), 1.02 (3H, t, J 7 Hz, 5-H), 0.02 (9H, s, 
Si ( Me ) 3) ; m/ ~ 15 8 ( M +) . 
2-Methyl - l -tri methyls i l oxypropene ( 185) was pre pa red by the method of 
Stang from 2-methylpropionaldehyde, b.p. 119/120° (760 mmHg) lit. (l5l) 
b.p . 114/116° (650 mmHg); vmax . (film) 16 80 cm- 1; 8H(CC1 4) 6.05 (lH, br 
s, 1-H), 1. 62 (6H, s, 2-H, 2-Me), 0.24 (9H, s, Si(Me) 3); m/~ 144 (M+). 
......... 
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1,2-Bistrimethylsiloxy-l-cyclopentene (189) was prepared by Mr.P.Lyndon 
according to the published method. (l62 ) 
2-Trimethylsiloxy-2-bornene (192) was prepared from a-bromo camphor 
according to the procedure of Joshi and Pande, b.p. 56/57° (1 mmH g), 
lit. (l53 ) b.p. 74/75.5° (1.9 mmHg); v (film) 1625 cm- 1; 8H(CDC1
3
) 
max. 
4.66 (lH, d, ~ 3.5 Hz, 3-H); 2.22-0.84 (5H, br m, 4-,5-,6-H), 0.84 
( 6 H , s , 7 -Me I s ) , 0 . 7 5 ( 3H , s , 1-Me ) , 0 . 2 O ( 9 H , s , Si (Me) 3) . 
Preparation of allyl silanes.- Allyl trimethylsilane was obtained 
from Petrarch Chemicals. 
3-Methyl-2-buten-l-yl trimethylsilane was prepared by A.S.Narula by 
the action of trimethylsilyl anion on l-bromo-3-methyl-2-butene in 
80-90% yield; b.p. 72/74° (100 mr.iHg); 8H (CDC7 3 ) 5.15 (lH, m, 2-H), 
1.66 (3H, brs, Me), 1.53 (3H, brs, Me), 1.53-1.25 (2H, m, 1-H) 0.05 
(9H, s, (Me) 3Si). 
(1,4-Cyclohexadien-l-yl)methyl trimethylsilane (214) was prepared, 
essentially according to the method of Coughlin and Salomon, (l6l) as 
follows. Dry magnesium turni _ ngs (4.8 g, 0.2 mol) and trimethylsilyl 
chloride were stirred in dry THF (20 ml) at room temperature in an atmos-
phere of nitrogen. Benzyl chloride (20. 7 ml, 0.18 mol) was added dropwise 
at a rate sufficient to maintain gentle reflux. The mixture v-1as refluxed 
for a further 2 h following the addition. The cooled solution was then 
poured into cold water and extracted with petrol (b.p. 30/40°). The 
petrol solution was washed with water (2 x 50 ml), saturated sodium 
14 7. 
chloride solution, then water. It was then dried (Na2so4) and concen-
trated to give a pale yellow liquid, purified by distillation, 84%, 
b.p. 85° (15 mmHg); oH 7.44-6.96 (5H, m, aromatic protons), 2.16 (2H, 
br s, benzylic H),0.14 (9H, s, Si(Me) 3). 
Ammonia (1 1 ) was condensed into a conical flask containing the 
benzyl silane (14 g) and tert-butanol (30 ml) dissolved. in ether (80 ml). 
To this solution was added, in portions, lithium wire (in 5 cm sections). 
J 
The blue colour so produced was allowed to remain for 1 h after complete 
addition of lithium before adding ethanol (50 ml). Ammonia was evaporated 
on a steam-path until .the contents of the flask reached a temperature of 
o0 c. Petrol (b.p. 30/40°, 100 ml) and water ( 100 ml) were added and the 
mixture carefully partitioned between the two solvents. The organic phase 
was collected, washed with water ( 2 x 50 ml) and dried (Na2so4). It 
was then evaporated to leave a colourless liquid which was distilled to 
give (214), b.p. 68/70° (12 mmHg), lit.( 163 ) b.p. 70/71° (9.5 mmHg); 
-1 ( ., ) v 1640 cm ; cSH CC1 4 5.72 (2H, s, 4-,5-H), 5.28 (lH, br s, 2-H), max. 
2 . 8 5 -2 . 5 0 ( 4 H , m , 3- , 6 -H ) , 1 . 5 3 ( 2 H , b r s , CH 2 S i ) , 0 . 14 ( 9 H , s , S i ( Me ) 3) . 
2-(1,4-Cyclohexadien-l-yl)-2-propyl trimethylsilane (216) was prepared 
as follows . Phenyl magnesium bromide was treated with acetone at ca. o0 
to give after aqueous work-up a pale yellow liquid which was purified by 
distillation to give 2-phenyl--2-propanol, b.p. 98/100° (15 mmHg) lit. (l54 ) 
b.p. 93°, 11 mmHg); cSH(CCl 4) 7.4-6.9 (5H, m, aromatic protons), 3.30 
(lH, br s, OH; disappeared with o2o); 1.44 (6H, s, Me's); this compound 
was then treated with HCl(g) to give after work-up 2-chloro-2-phenyl-
propane(l55) as a colourless liquid; b.p. 53° (0.5 mmHg); oH 7.56-6.95 
(5H, m, aromatic protons), 1.94 (6H, s, Me's). 1H nmr indicated the 
presence of a small amount( < 5%) of olefinic material. Th e crude halide 
148. 
was treated with Mg and Me 3SiCl as just described to give the benzyl 
silane which was reduced (Li/NH 3) as before to give the required diene 
(216), b.p. 90/92°, (10 mmHg); v 1640 cm- 1; c5H(CC7 4) 5.72 (2H, s, - max . 
4- , 5 -H ) , 5 . 30 ( 1 H , b r s , 2 -H ) , 1 . 15 ( 6 H , s , Me I s ) , 0 . 15 ( 9 H , s , Si ( Me ) 3) . 
Allyl trimethylstannane was prepared from allyl magnesium bromide 
and trimethylstannyl chloride as described by Abel, b.p. 50° (38 mmHg), 
. (166) o ( ) 1 i t . b . p . 5 0 3 5 mmH g . 
Reactions of TMS Enol Ethers with Tricarbonylcyclohexadienyliron Salts.-
General Procedure. The enol ether was added dropwise over a short period 
to a stirred solution (~. 0.5 gin 10 ml) of the salt in dry acetonitrile 
(ex. CaH2) under nitrogen atmosphere at room temperature. Completion of 
reaction was monitored using the disappearance of the I ·R· absorption at 
2110 cm-l [Fe(C0) 3] ~ After the required time solvent was removed by 
rotary evaporation and any excess TMS enol ether removed at oil-pump 
pressures. The residue was chromatographe.d on silica gel using petroleum 
spirit containing a small amount of ether (1-10%) as an eluent. Distillation 
(Kugelrohr) of the yellow oils so obtained gave the adducts as mixtures of 
diastereoisorners (presumably due to C-2') which could be separated, in 
certain cases, by fractional crystallisation. 
Cyclohexanone TMS enol ether (0.3 ml) and salt (§,0.3 g) gave(lb) 
t r i c a r b on y 1 [ ( 1 , 2 , 3 , 4 -n ) - S - ( 1 l- - o x o c y c 1 o he x -2 1 - y 1 ) - 1 , 3 -c y c l oh e x a di en e J i r on ( 0 ) 
(156) (69 %) as a yellow oil, b.p. 140° (10- 3 mmHg) which was crystallised 
o -1 ( ) from petroleum spirit, m.p. 44-47 ; v 2050, 1975, 1705 cm ; oH CC1 4 max. 
5.35 (2H, m, inner diene), 3.05 (2H, m, outer diene), 2.60-1. 40 (llH, m, 5-, 
6-H, cycl ohexanone ring protons), 1. 16 ( lH, br d, ~ 15 Hz, 6-H); m/~ 
316 (M+), 288 (M+ -CO), 260 (M+ -2CO), 232 (M+ - 3CO) ,230 (M+ -3CO ,-2H); Found: 
C, 57.00; H, 5.10. Calculated for c15H16o4Fe; C, 56.99; H, 5.10%). 
Cyclohexanone TMS enol ether (0.5 ml) and salt (1, 0.3 g) gave( 74) 
t r i ca rb on y 1 [ ( 1 , 2 , 3 , 4 -n ) -2 - me tho xy -5 - ( 1 1 - o x o c y cl oh e x -2 1 - y l ) - 1 , 3 - c y cl oh ex ad i en eJ 
iron(O) (157) (79%), m.p. 99-103°; v 2042, 1975, 1710 cm- 1; oH(CCl 4) max. 
149. 
5.02 (lH, dd, i6, 2 Hz, inner diene), 3.59 (3H, s, 0Me), 3.22 (lH, m, 
1-H); 2.50 (lH, m, 4-H), 2.40-1.40 (llH, m, 5-, 6-H, cyclohexanone ring 
+ protons), 1.21 (lH, m, 6-H); m/~ 346 (M ) , 318, 290, 262, 260; (Found: 
C, 55.80; H, 5.36. Calculated for c16H18o5Fe: C, 55.52, H, 5.24%). 
Cyclohexanone TMS enol ether (0.4 ml) and salt (12._l, 0.3 g ) gave 
t ri carbonyl [ ( 1, 2 , 5 , 6-n-) - 3- ( 1 1 -oxocyc l ohe x-2 '-y l ) bi eye lo c 4. 4. 0 Jde ca-1, 5-
di ene] iron ( O) (158) (91%), m.p. 62-67°; v 2040, 1960, 1705 cm- 1; 
- max. 
c5 H ( CC 14 ) 2 . 7 0 ( 2 H , m , o u t e r di en e ) , 2 . 5 0 - 1. 30 ( 19 H , m , 3 - , 4- H , c y cl oh ex anon e 
+ 
ring protons, (CH2)4), 1.14 (lH, br d, i 15 Hz, 4-H); m/~ 370.085 2(M) 
(C 19H22o4Fe requires M, 370.086 7), 342, 314, 286, 284. 
Cyclohexanone TMS enol ether (0.4 ml) and salt (159, 0.J g) gave 
tricarbonyl[(l,2,3,4-n)-l-rrethoxycarbonyl-3-methyl-5-(1 1 -oxocyclohex-2~yl)-
l,3-cyclohexadiene]iron(O) (160) (84%), m.p. 81-82°; v 2060, 1985, 1705 
- max. 
(br) cm- 1; c5 H(CC14) :>.88 (lH, br s, inner diene), 3.62 (3H, s, co2Me) 3.08 
(lH ·, br d, j 10 Hz, outer diene), 2.50-1.40 (llH, m, 5-, 6-H, cyclohexanone 
ring protons), 2.12 (3H, s, Me), 0.96 (lH, dt, J 14, 3 Hz, 6-H); m/~ 388 
+ (M ), 360, 332, 304, 302; (Found: C, 55.30; H, 5.17. c18H20o6Fe requires 
C, 55.69; H, 5.19%). 
TMS enol ether derived from the kinetic enolate of 2-methylcyclo-
hexanone (1.25 ml) and salt (6, 0.5 g) gave tricarbonyl[(l,2,3,4-n)-5-
( 6 1 - me thy l - l 1 - ox o c y cl oh e x - 2 1-y f) - 1 , 3- c y cl oh e x ad i en e J i ro n ( 0 ) ( 16 2 ) ( 8 l % ) , 
o -3 -1 ) ( b.p. 130 (10 mmHg); v 2040, 1955, 1700 cm ; c5 H(CC14 5.35 4H, m, max. 
inner diene), 3.05 (4H, m, outer diene), 2.70-1.04 (22H, br m, 5-, 6-H, 
cyclohexanone ring protons), 0.96 and 0.93 (6H, centres of overlapping 
doublets J 7 Hz, 6 1 Me's); m/~ 330 (M+), 302, 274.065 6 (M+-2CO) 
(C 14H18o2Fe requires M-2C0, 274.065 6), 246, 244. 
150. 
Conversion of the complex (162) to 6-methyl-2-ph_enylcyflohexanone . . 
The complex (162) (0.335 g) was treated with FeCl 3.6H20 in ethanolic 
benzene according to the method of Gunatilaka and Mateos( 167 ) to yield 
diastereoisomeric 2-(2' ,4'-cyclohexad ien-l '-yl )-6-methylcyclohexanone 
0 -1 (88%), b.p. 80 (0.1 mmHg); v 3040, 2940, 2865, 1710, 1450 cm , 
max . 
cS H(CC1 4) 5.80 (8H , m, diene), 2.90-1.10 ( 22H, br m, remaining ring 
protons), 1.00 (6H, centre of two overlapping doublets,~ 7 Hz, 6-Me's); 
+ 
m/~ 190 (M ), 112. The diene (0.11 g) was dehydrogenated with 2,3-
dichloro-5,6-dicyanoquinone in ether (0.14 gin 30 ml) following the 
procedure of Ireland et al. ( 74 ) to yield 6-methyl-2-phenylcyclo-
hexanone (82%), m.p. 50-52° (lit. (168) 51-52°); v 2965, 2930, 2860, 
max. 
-1 1715 cm ; cS_H(CCl 4) 7.30-6.94 (5H, m, aromatic protons), 3.65-3.30 (lH, 
m, benzyl proton), 2.60-0.90 (8H, m, cyclohexanone ring protons), 0.98 
( 3H, d, ~ 7 Hz, Me) ; m/ ~ 188 ( M +) . 
TMS enol ether derived from the kinetic enolate of 2-methylcyclohexanone 
(1.9 ml) and salt ("J_, 1.0 g) gave tricarbonyl[(l,2,3,4-n)-2-methoxy-5-
( 6' -methyl - l '-oxocyc l ohe x-2' -yl )-1, 3-cyc l ohexad i ene ]i ran ( 0) ( 16 3) ( 96%), 
o ( -3 ) -1 b . p . 12 5 10 mmH g ; v 2 0 4 5 , 19 7 5 , 1 710 cm ; max. 
m, inner diene), 3.65 and 3.60 (6H, two singlets, diastereomeric MeO), 
3.25 (2H, m, 1-H), 2.70 (2H, m, 4-H), 2.40-1.60 (20H, br m, 5-H, cyclohex-
-
anone ring protons), 1.30 (2H, m, 6-H), 1.04 and 0.96 (6H, centres of 
+ two overlapping doublets,~ 7 Hz, 6 1 -Me's); m/~ 360 (M ), 232, 204, 
276, 274; (Found: C, 56.87; H, 5.74. c17H20o5Fe requires C, 56.69; 
H, 5. 60%) . 
Crystallisation of this oil from petroleum spirit at -15° gave yellow 
crystals, m.p. 82 -83°, which had cSH(CC1 4) 4.97 (lH, dd , ~ 6, 2 Hz, inner 
di en e ) , 3 . 6 0 ( 3H , s , 0 Me ) , 3 . 2 5 ( 1 H , m , 1-H ) , 2 . 7 0 ( 1 H , d d , ~ 6 , 4 Hz , 4-H ) , 
2.40-1.60 (lOH, br m, 5-, 6-H, cyclohexanone ring protons), 1. 30 (lH, dt, 
~ 15, 3 Hz, 6-H), 0.98 (3H, d, ~ 7 Hz , 6'Me) indicating the separation of 
diastereoisomers. 
151. 
TMS enol ether derived from kinetic enolate of 2-methylcyclohexanone 
(1.75 ml) and salt (149, 1.0 g) gave tricarbonyl[(l,2,3,4-n )-1- methoxy-
carbonyl-2-methyl-5~(6'-methyl-1'-oxocyclohex-21-yl)-l,3-cyclohexadiene] 
iron(0) (164) (93%), b.p. 150° (10- 3 rnrnHg); m.p. 110-116°(pentane); 
( ) -1 ) ( ) ( v 2060, 1985, 1710 br cm ; oH(CC14 5.04 2H, m, 3-H , 3.68 6H, s, max. 
co2Me), 3.10 (2H, m, 4-H), 2.60-1.10 (22H, br m, 5-, 6-H, cyclohexanone 
ring protons), 2.48 (6H, s, C-2 Me), 1.02 and 0.96 (6H, centres of two 
+ 
over l a pp i n g do u b l e ts ~ 7 Hz , di as t ere o me r i c C -6 ' Me ) ; m/ ~ 4 0 2 ( M ) , 3 7 4 , 
346, 318, 316; (Found: C, 57.05; H, 5.74. c19H22o6Fe requires C, 56.74; 
H, 5.51%). 
TMS enol ether derived from kinetic enolate of 2-methylcyclohexanone 
(2.0 ml) and salt (151, 1.0 g) gave tricarbonyl[(l,2,5,6-n )-3-(6 1-methyl-
1'-oxocyclohex-21-yl)bicycloc4.4.0Jdeca-l,5-diene]iron(O) (165) (95%), 
m. p. 113-115° (Et0H); v 2045, 1965, 1708 cm- 1; oH(CC1 4) 2.90 (4H, max. 
m, outer diene), 2.60-1.40 (36H, br m, 3-, 4-H, (CH2)4 , cyclohexanone 
ring protons), 1.10 (2H, m, 4-H), 0.98 and 0.94 (6H, centres of overlapping 
doublets,~ 7 Hz, diastereomeric 6 1-Me); m/~ 384 (M+), 356, 328, 300, 298; 
(Found: C, 62.81; H, 6.29. c20 H24o4 Fe requires C, 62.62; H, 6.30%). 
TMS enol ether derived from kinetic enolate of 2-rrethylcyclopentanone 
(1.2 ml) and salt(~, 0.75 g) gave tricarbonyl[(l,2,3,4-n )-5-(5'-rrethyl-
l'-oxocyclopent-21yl )-·l,3-cy~lohexadiene]iron(O) (168) (92%), b.p. 110° 
( -3 ) o ( -1 10 mmHg ; m.p. 50-70 aq. Me0H); v 2045, 1970, 1735 cm ; 
max. 
oH(CC14) 5.28 (4H, m, 2-, 3-H), 3.04 (4H, m, 1-, 4-H), 2.70-1.10 (1 8H, 
br m, 5-, 6-H, cyclopentanone ring protons), 1.02 (6H, d, J 7 Hz, 5'-Me); 
+ 
m/~ 316 (M ), 288, 270, 242, 240; (Found: C, 56.72; H, 5.09. c15 H16o4Fe 
requires C, 56.99; H, 5.10%). 
152. 
The alternative isomer (166; n=0) was prepared for comparison by 
direct reaction of (6) with cyclopentanone using the method of Birch. (lb) 
The yellow oil obtained by chromatography solidified on cooling, m.p. 
66-73° (97%); v 2045, 1970, 1735 cm- 1; oH(CC1 4), the spectra of max . 
both (168) and (166; n=0) are very similar with the important exception 
of the Me resonance; this isomer now shows singlets at 0.92 and 0.84 
(axial, equatorial) for the tertiary Me group; m/~ 316 (M+); (Found: 
C, 57.20; H, 5.22. c15H16o4Fe requires C, 56.99; H, 5.10%). 
Z-TMS enol ether of pe ntan-3-on ~ (0.85 ml) and salt (149, 0.78 g) 
gave tricarbonyl[(l,2,3,4-n)-l-rrethoxycarbonyl-2-rrethyl-5-(3'-oxopent-2'-yl)-
l,3-cyclohexadiene]iron(0) (170) (88%), b.p. 150° (10- 3 mmHq); v 2055, 
_ - max. 
1980, 1710 cm~ 1; oH(CC14) 5.12 (lH, d, J 6 Hz, inner diene), 3.64 (3H, s, 
co2Me), 2.80 (lH, m, outer diene), 2.45 (3H, s, 2-Me), 2.60-2.05 (5H, m, 
5-, 6-H, CHC0CH 2), 1.30-0.78 (7H, m, 6-H, C-1' and C-5' Me's); m/~ 
376.060 4 (M+) (C 17H20o6Fe requires M, 376.060 9), 348, 320, 292, 290. 
Phenyl ketene methyltrimethylsilyl acetal (1.2 ml) and salt(£_, 0.73 g) 
gave tri carbonyl ~ ( 1,2, 3, 4-n ) -5- [ ( l !.me thoxyca ~_bonyl - l '-phenyl ) methyl .L-1, 3-
cyc l ohe xad i ene ~iron ( 0) (177) (82%), b.p. 150° (10- 3 mnHg). Crystallisation 
from hexane gave a sample, m.p. 125-127°, which had 1H nmr o(CCl 4) 7.09 
(5H, s, aromatic), 5.30 (2H, d_d, i 3 Hz, 2-, 3-H), 3.58 (3H, s, co 2Me), 
3.10 (lH, m, 1-H), 2.86 (3H, m, 4-, 5-H, benzylic C-H), 1. 86 -1.54 (lH, m, 
6-H), 1.13 (lH, dt, i 15, 3 Hz, 6-H). The mother liquors from above were 
concentrated to yield a yellow oil having 1H nmr o(CC1 4) 7 .16 (5H, s, 
aromatic), 5.10 (2H, m, 2-, 3-H), 3.48 (3H, s, co 2Me), 3.00 (lH, m, 1-H), 
2.90-2.00 (4H, m, 4-, 5-, 6-H, benzylic C-H), 1.30 (lH, br d, J 15 Hz, 6-H). 
Assignments of the latter sample were complicated by the presence of ca. 
20% of the other diastereoisomer. The fo ll owing spectral data apply to 
-1 +) ( both compounds; vmax .2055, 19 80 , 1740 cm , m/~ 368.034 4 (M c18H16o5Fe 
requ1 res ~'- 368.034 8 ), 340, 312, 284, 282 . 
15 3. 
Phenyl ketene methyltrimethylsilyl acetal (1.5 ml) and salt (149, 
1.0 g) gave tricarbonyl {(1,2,3,4-n) -1-methoxycarbonyl-5-[(1 1 -methoxy-
carbonyl-l 1 -phenyl )methyl ]-2-methyl-l ,3-cycl ohexadiene }i ron(0) ( 178) (89%), 
b.p. 180° (10- 3 ITTTIHg), from which a single diastereoisomer was isolated by 
crystallisation from Me0H, m.p. 133-135°; c5 H(CC14) 7.14 (SH, s, aromatic), 
5.14 (lH, d, J 6 Hz, 3-H), 3.60 (3H, s, 1-C02Me), 3.56 (3H, s, l
1
-C02Me), 
3.07 (lH, dd, .l_ 6, 2.5 Hz, 4-H), 2.90 (2H, m, 5-H, benzylic C-H), 2.46 
(3H, s, Me), 2.30-1.98 (lH, m, 6-H), 0.94 (lH, br d, J 15 Hz, 6-H); 
(Found: C, 57.33; H, 4.59. c21H20o7Fe requires C, 57.30; H, 4.54%). The 
other diastereoisomer, isolated from the mother liquors by evaporation, could 
not be obtained pure. The following spectral data apply· to both compounds. 
-1 ( +) v 2060, 1987, 1740, 1710 cm ; m/z 440 M , 412, 384, 356, 354. 
max. . - -
Phenyl ke.tene methyltrimethylsilyl acetal (1.5 ml) and salt (151, 1.02 g) 
gave tricarbonyl {(1,2,5,6-n)-3-[(l 1-methoxycarbonyl-l 1-phenyl)methyl]bicyclo 
[4.4.0]deca-1,5-dienehron(O) (179), (76%), b.p. 180° (10- 3 mrnHg); crystalli-
sation from Me0H gave a mixture of diastereoisomers (4:1), m.p. 89/91°; c5H(CC14) 
7.25 and 7.20 (l0H, two singlets, aromatic protons of diastereoisomers)~3.63 
and 3.55 (6H, two singlets, Me0 of diastereoisomers)) 3.00-1.50 (26H, m, outer 
diene, 3-, 4-H, (CH 2)4 , benzylic H), 1.20 (2H, br d, .l_ 15 Hz, 4-H). The 
following spectral data were obtained for the mixture of diastereoisomers; 
-
-1 ( +) ( vmax.2045, 1965, 1740 cm ; m/z 422 M , 394, 366, 338, 336; Found: C, 
62.44; H, 5.31. c22 H22o5Fe requires C, 62.58; H, 5.25%). 
TMS enol ether of y-butyrolactone (1.3 ml) and salt (6, 0.8 g) gave 
tricarbonyl [(l,2,3,4-n)-5-(1 1-oxa-2 1-oxocyclopent-3 1-yl)-l,3-cyclohexadiene] 
ironJ.Ql (181) (75%), b.p. 150° (10- 3 mmHg); \>rnux.2052 , 1980, 1775 cm- 1; 
c5H(CC14) 5.36 (2H, m, inner diene), 4.18 (2H, m, 5
1
-H), 3.10 (2H, m, outer 
diene), 2 . 90-1.50 (5H, m, 5-, 6-, 31, 4 1-H), 1.20 (lH, m, 6-H); m/~ 
304.003 4 (M+) (c 13H12o5Fe requires M, 304.003 8), 276, 248, 220, 218. 
154. 
TMS en o l et he r of y- b u tyro l a c tone ( 0 . 7 ml ) and s a l t u.i 0 . 3 g ) 
gave, after 24 h, tricarbonyl [(1,2,3,4-n) -2- methoxy -5-(1'-oxa-2 ' 
oxocyclopent-3'-yl)-1,3-cyclohexadiene]ron(0) (182) (76%), b.p. 150° 
(10- 3 mmHg); v 2050, 1970, 1760 cm- 1; c5H(CC14) 5.20 (lH, over-max. 
lapping dd ~ 6, 2 Hz, inner diene), 4.15 (2H, m, 5'-H), 3.64 (3H, s, 0Me), 
3.28 (lH, br s, 1-H, 2.90 (7H, dd, J 6, 2 Hz, 4-H), 2.50-1.50 (5H, m, 5-, 
6-, 3 1 -, 4'-H), 1.30 (lH, br d, J 15 Hz, 6-H); m/~ 334.013 8 (M+) 
(c 14H14o6Fe requires M, 334.013 9), 306, 278, 250, 248. 
TMS enol ether of y-butyrolactone (1.5 ml) and salt (149, 1.0 g) gave 
tricarbonyl[(l,2,3,4-n )-1-methoxycarbonyl-2-rrethyl-5-(1'-o xa -2'-oxocyclopent-
3'-yl )-1,3-cyclohexadiene]iron(O) (183) (70%), m.p. 114-115° (Me0H); 
v 2062, 1985, 1765, 1695 cm- 1; c5 H(CC1 4) 5.26 (lH, overlapping d, J max. · 
6 Hz, inner diene), 4.2 (2H, m, 5'-H), 3.70 (3H, s, co 2Me), 3.29 and 2.90 
(lH, dd, ~ 6, 3 Hz at each resonance position,4-H of diastereoisomers), 
2.70-2.10 (5H, m, 5-, 6-, 3 1 -, 4 1 -H), 2.50 (3H, s, 2-Me), 1.20 (lH, m, 6-H); 
+ 
m/~ 376 (M ), 348, 320, 292, 290; (Found: C,5O.91; H, 4.48. c16 H16o7Fe 
requires C, 51.09; H, 4.29%). 
TMS enol ether of y-butyrolactone (1.5 ml) and salt (151, 1.0 g) gave 
tricarbonyl[(l,2,5,6-n )-5-(1'-o xa-2' -oxocyclo pent-3 '-yl)b icycloc4 .4.0 Jdeca-
l,5-diene]iron(O) (184) (86%), b.p. 180° (10- 3 mmHg); v 2050, 1965, 
max . 
1780 -1 cm ; c5 H(CC1 4) 4.18 (2H, m, 5'-H), 2.80 (2H, m, outer diene), 2.70-
1.80 (13H, m, 3-, 4-, 3 1 -, 4 1 -H, (CH 2)4), 1.05 (lH, m, 4-H); m/z 358 .050 3 
(M+) (c 17H18o5Fe requires M, 358.050 4), 330, 302, 274 , 272. 
TMS enol ether derived from 2-methylpropionaldehyde (0.8 ml) with salt 
( 6 0 . 5 g ) g a v e tr i carbonyl [ ( 1 , 2 , 3 , 4 -n ) - 5 - ( 2 ' - ire thy l - l 1 - o x op r op - 2 ' -y l ) -
J ( ) ( ) o -3 ) 1,3-cyclohexadiene iron 0) (186 77% , b.p. 80 (10 mmHg ; v 2040 ---'--_____,.____ _____ ~ max. 
-1 ) ( ) 1975, 1730 cm ; c5 H(CC1 4 9.32 l H, s, CHO , 5.36 (2H, t, ~ 3 Hz, inner 
diene), 2.93 (2H, m, outer diene), 2.50-0.90 (3H, m, 5-, 6-H), 0.94 
155 . 
+ (3H, s, Me), 0.90 (3H, s, Me); m/z 290 (M ), 262,234,206,204: (Found: 
C, 53.99; H, 4.77. c13H14o4Fe requires C, 53.02; H, 4.86%). 
TMS enol ether derived from 2-methylprooionaldehyde (0.25 ml) with 
salt (149, 0.18 g) gave tricarbonyl[(l,2,3,4-n )-1-rrethoxycarbonyl-2- methyl -
5 - ( 2 1 - me thy 1 - 1 1 - o x o p r o p - 2 ' -y 1 ) - 1 , 3- c y c 1 oh e x ad i en e] i r on ( 0 ) ( 18 8 ) ( 8 1 % ) , 
-1 ) purified by chromatography; v 2058, 1990, 1735, 1708 cm , oH (CC1 4 max. 
9.28 (lH, s, CHO), 5.20 (lH, d, J 6 Hz, inner diene), 3.65 (3H, s, co2Me), 
2.84 (lH, br d, ~6 Hz, outer diene), 2.54-2.12 (2H, m, 5-, 6-H), 2.45 
(3H, s, 2-Me), 1.2~-0.78 (lH, m, 6-H), 0.94 (3H, s, Me), 0.92 (3H, s, Me); 
m/z 362.045 9 (M+). c16H18o6Fe requires M, 362.045 3), 334, 331, 306, 278, 
276. 
TMS enol. etherderjved from 2-methylpropionaldehyde (4.0 ml) with salt 
(151, 2.1 g) in dichloromethane (20 ml) gave tricarbonyl[(l,2,5,6-n)-3-
( 2 1 - me thy 1 - 1 1 - o x op r op - 2 1 - y 1 ) b i c y c 1 o [ 4 • 4 . 0 J de c a - 1 , 5 - d i e n e] i r on ( 0 ) ( 18 7 ) ( 9 4 % ) , 
b . p . 15 0 o ( 10 -J mmH g ) ; v 2 0 4 0 , 19 7 5 , 17 2 5 cm - l ; o H ( CC 14 ) 9 . 2 5 ( 1 H , S , max . 
CHO), 2.80-2.60 (2H, m, outer diene), 2.58-1.64 (lOH, m, 3-, 4-H, (CH 2)4), 
+ 1.50-1.08 (lH, m, 4-H), 0.95 (3H, s, Me), 0.92 (3H, s, Me); m/~ 344 (M ), 
316, 288, 260, 258; (Found: C, 59.45; H, 6.05. c17H20o4Fe requires C, 
59.32; H, 5.86%). 
1,2-Trimethylsiloxy-l-cyclopentene (1 ml) was added in one portion to 
a stirred solution of salt (151, 0.5 g) in acetonitrile at o0 • After about 
0.5 h reaction was complete (I.R.) and solvent, together with any excess 
siloxy compound, was removed under vacuum (0.5 mmHg, 25°). The residual oil 
was dissolved in methanol (20 ml) and 5 drops of concentrated hydrochloric 
acid were added . This solution was stirred c1t room temperature for 15 h 
then partitioned between water and ether. After collecting and drying 
the organic phase, the solvent was evaporated and the remaining oil chromato-
graphed (alumina, basic, Act . IV/CHC1 3) to yield tricarbonyl(l,2,5,6-n )-
3-(l '-oxo-2-cyclopenten-2'-yl )bicyclo!A . 4.0]deca-1,5-diene iron(O) (191) 
156. 
(78%), m.p . 108/110° (petrol); v 2050, 1980, 1970, 1708 cm-l 
max . 
cS H(CCl 4) 7.18 (lH, m, 3
1
-H), 3.14-2.74 (3H, m, 2-, 5-, 3-H), 2.52 (4H, m, 
4 1 -, 5'-H), 2.40-1.70 (9H, m, (CH2)4 , 4-H), 1.40 (lH, m, 4-H); m/~ 354 
+ (M ), 326, 298, 270, 268; (Found: C, 60.97; H, 5.18. c18H18o4Fe 
requires C, 61.04; H, 5.12%). 
TMS enol ether derived from (+)-Camphor (2.0 g) and salt (6, 0.5 g) 
were stirred under nitrogen during 24 hat room temperature in dry acetoni-
trile (10 ml). The reaction mixture was diluted with sodium dried ether 
(50 ml) and the unreacted salt (~10%) was collected by filtration. The 
organic part was worked up in the usual fashion, which, after chromato-
graphy over silica, gave a yellow oil (58%) consisting of exo- and endo-
isomers(l93) and ( 19,5) · (with respect to camphor) in the ratio of 2.5:l 
·1 bas.ed on the Hnmr data: oH(CCl 4) 3.32-3.05 (m, outer diene proton for 
exo- isomer), 3.80 and 2.95 (m, outer diene protons for endo- isomer). This 
oil was crystallized from MeOH and gave a crystalline sample of the above 
adduct, m.p. 71-73°; CaJ 0 + 67° (~5, EtOH), which was equilibrated to 
>95% of one of them as described below. 
The above adduct (64 mg) was adsorbed on basic Al 2o3 (20 g) and eluted 
with petroleum ether after 3 h. Thus,54 mg of the adduct rich in pre-
s u ma bl y en do - i s o mer was ob ta i n e d , m . p . 119 - 12 1 ° v 2 0 5 0 , 19 7 5 , 17 4 8 
max. 
cm- 1, cS H(270 MHz, CDC1 3) 5.39 (2H, m, inner diene), 3.94 and 3.05 (2H, m, 
outer diene for endo- isomer; note the absence of signals at 3.32-3.05), 
I 
2 . 15 - 1. 0 4 ( 8 H , m , 5 - , 6 -H , 3 1 - e x o H ,5 1- , 6 - CH 2 ' s , 4 ' -H ) , 0 . 9 5 -0 . 8 0 ( l H , m , 
6-H), 0.92 (3H, s, l'-Me), 0.95 ( 3H, s, 7 1 -Me), 0.80 (3H, s, 7'-Me); m/~ 
370 (M+), 342, 314, 286, 284; (Found: C, 61.50; H, 5.75; Fe, 14.97. 
c19 H22o4Fe requires C, 61.64; H, 5.99; Fe, 15.08%). 
The above equilibrations could also be achieved by using 10% KOH in 
MeOH (15 h, room temp.) with identical results. 
157. 
Kinetic resolution of salt (7) using (+)-camphor TMS enol ether. 
Table 8 (text, p 135 ) gives details of reactions between salt Cl.) and 
(+)-camphor TMS enol ether. The salt was recovered by pouring the reac-
tion mixture into an excess of dry ether. The filtered solid was thoroughly 
washed with ether and recrystallised (acetone-ether) to constant optical 
rotation. The enantiomerically enriched salt had the expected physical 
and spectral properties. 
Determination of optical purity of the recovered salt (197).- To a 
stirred solution of the enantiomerically enriched salt (197), CaJ 0-18°, 
(see text) (0.12 g) in dry acetonitrile (2.0 ml) was added (-)-phenylethyl-
amine (O.ll g) (optical purity> 97%). After l h the solvent was removed 
leaving a yellow oil which was dissolved in ether, filtered and the sol-
vent again evaporated. The resulting oil was dissolved in warm hexane 
(20 ml) and this solution was washed five times with aqueous NH 4Cl solution 
(5%) and twice with water. The organic phase was filtered through phase-
separating paper, dried (MgS04) and evaporated to give 
1
(-)-tricarbonyl ~(1,2, 
3,4-n)-2-methoxy-5-[N-(phenylethylamino)]-1,3-cyclohexadiene~iron(O) 
(44%), which contained no free amine, CaJD -56.5° (~ 1.7, MeOH); oH(CCl 4) 
7.18 (SH, s, aromatic), 4.96 (lH, m, inner diene), 3.86-3.40 (lH, m, benzylic 
H), 3.63 (3H, s, OMe), 3.14 (lH, m, 1-H), 2.88 (lH, m, 5-H), 2.75 (~. ½H, 
partly hidden dd J 3.5, 3.0 Hz, 4-H), 2.53 (~. ½H, dd, J 3.5, 3.0 Hz, 4-H), 
2.26-1.92 (lH, m, 6-H), 1.50 (lH, br d, i 16 Hz, 6-H), 1.22 (~. 1.5H, d, 
i 6 Hz, CH 3), 1.20 (~. 1.5H, dd, J 6 Hz, CH 3), 0.90 (lH, br s, N-H). To 
this sample was successively added 5.0 µl of a saturated solution of Eu(fod) 3 
in deuteriochloroform and the 1H nmr spectrum rec6rded af t~r each addition. 
Optimum resolution of the diastereomeric methoxy peaks was obtained with 
25 µl of shift reagent. A suitable scale expansion was chosen (50 Hz) 
and the integrated area of each MeO peak was measured. An average value 
(20 scans) of 15% e.e. was thus obtained. 
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Reactions of Allyl Trimethylsilanes with Tricarbonylcyclohexadienyl-
1ron Salts.- General Procedure. The allyl silane and salt were heated in 
refluent dichlor~methane (ex. CaH 2) until the mixture became homogeneous 
-1 
and the I.R. absorption at~- 2100 cm had disappeared. The cooled 
solution was then concentrated by rotar-vap. and excess silane removed at 
oil-pump pressures. The residue was chromatographed on silica-gel using 
petrol or petrol-ether mixtures (max. 10% ether) as eluent. If necessary 
the oils so obtained were distilled. 
Allyl trimethylsilane (2 ml) and salt(§_, 0.5 g) gave the known(l 35b) 
tricarbonyl[(l,2,3,4-n)-5-(prop-l '-en-3'-yl )-1,3-cyclohexadiene]iron(0) 
( 2 0 0) ( 7 8 % ) , b . p . 8 5 o ( 0 . 0 0 5 m mH g ) ; v 2 0 5 2 , 19 7 5 , 16 4 0 cm - l ; cS H ( C C l 4 ) 
- max. 
5.84-4.78 (5H, m, 2-, 3-H, allyl CH 2=CH), 3.04 (2H, m, 1-, 4-H), 2.1-1.6 
+ (4H, m, 5-, 6-H, allyl CH 2), 1.26 (lH, m, 6-H); m/~260 (M ), 232,219, 
204, 176 , 17 4. 
Allyl trimethylsilane (2 ml) and salt (10, 0.5 g) gave(l 35b) 
t ri ca rbonY 1 [ ( 1, 2, 3, 4-n) -2-me thy l -5- ( prop-1 1 -en- 3 1 -yl ) -1, 3-cy c 1 ohe xad i ene J 
iron(0) (201) (64%), b.p. 90° (10- 3 mmHg); v 2050, 1975, 1640 cm-l~ 
max. 
cS H(CC1 4) 5.82-4.76 (3H, m, allyl CH 2=CH), 5.16 (lH, dd, ~6, 2 Hz, 3-H), 
2.90 (2H, m, 1-, 4-H), 2.08 (3H, s, Me), 2.04 (lH, m, 5-H), 1.90 (3H, m, 
+ 6-H, allyl CH 2), 1.24 (lH, m, 6-H); m/~274 (M )~ 246, 218., 190, 188; 
(Found: C, 56.82; H, 5.09. -Calculated for c13H14o3Fe C, 56.97; H, 
5.15%). 
Allyl trimethylsilane (0.6 ml) and salt (7, 0.25 g) were stirred for 
15 h in gently refluent 1,2-dichloromethane. Work-up as described gave 
tr i ca r bony l [ ( 1 , 2 , 3 , 4 -n ) - 2 - rre th o xy -5 - ( prop - l 1 - en - 3 1 - y 1 ) - 1 , 3- c y c 1 oh e x ad i en e ]_ 
i r on ( 0 ) ( 2 0 6 ) ( 81. 5 % ) , b . p . 7 5 ° ( 10 - 3 mm H g ) ; v 2 0 4 5 , 19 7 0 , 16 4 0 cm - 1 ; 
ma x. 
cS H(CC1 4) (5.84-4.72 (4H, m, 3-H, allyl CH 2=CH), 3.62 (3H, s, 0Me), 3.25 
(lH, br s, 1-H), 2.64 (lH, br d, ~6 Hz, 4-H), 2.2-1.6 (4H, m, 5-, 6-H, 
+ 
allyl CH 2), 1.34 (lH, m, 6-H); m/~290 .024 1 (M) (c 13H14o4Fe requires 
M, 290.024 7), 262, 234, 206, 204. 
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Allyl trimethylsilane (2 ml) and salt (12, 0.5 g) gave, after 20 h, 
tr i carbon y 1 [ ( 1 , 2 , 3 , 4-n ) - 2 - met h o xy - 6 - ( p ro p - 1 1 -en - 3 1 -y 1 ) - 1 , 3- c y c 1 oh ex ad i en e ] 
iron(O) (207) (77%), purified by chromatography, v 2050, 1975, 1640 
- max. 
-1 ( 
cm ; o H CC 14 ) 5 . 8 6 - 4 . 7 8 ( 3 H , m , a 11 y 1 CH 2 =CH ) , 5 . 0 8 ( 1 H , d d , ~ 5 , 2 Hz , 
3-H), 3.60 (3H, s, OMe), 3.34 (lH, m, 1-H), 2.56 (lH, m, 4-H, 2.30-1.66 (4H, 
m, 5-, 6-H, allyl CH 2), 1.15 (lH, m, 5-H); m/3--290 (M+), 262,234,206, 
204; (Found: C, 53.62; H, 5.08. c13H14 04 Fe requires C, 53.82; H, 4.86%). 
Allyl trimethylsilane (1 ml) and salt (149, 0.3 g) gave, after 1 h, 
Tri ca rb on y l [ ( 1 , 2 , 3 , 4-n ) - 1-met ho xy carbon y 1 - 2 - me thy l - 5 - ( prop - l 1 - en - 3 1 -y l ) -
1,3-cyclohexadiene]iron(O) (208) (81%), b.p. 90° (10- 3 mmHg); v 2060, 
max. 
1985, 1710, 1640 cm-l; oH(CC14 ) 5.86-4.78 (3H, m, allyl CH 2), 5.12 (lH, d, 
J 6 Hz , 3-H ) , 3 . 6 4 ( 3 H , s , CO 2 Me ) , 3 . 0 4 ( 1 H , d d , i 6 , 2 Hz , 4- H ) , 2 . 4 8 
(3H, s, Me) 2.4-1.8 (4H, m, 5-, 6-H, allyl CH 2), 1.04 (lH, d, ~ 15 Hz, 6-H); 
+ 
m/3.. 332 (M ), 304, 276, 248, 246; (Found: C, 54.19; H, 4.90. c15 H16o5Fe 
requires C, 54.24; H, 4.86%). 
The same reaction using only 1.1 equivalents of allyl silane and 
heating for 2 h gave a 61% yield of (208), together with some aromatic 
ma teri a 1 . 
Allyl trimethylsilane (l ml) and salt (151, 0.5 g) gave, after 23 h, 
tricarbonyl [(l,2,5,6-n)-3-(prop-l 1-en-3 1-yl )bicyclo c4.4.0 Jdeca-l,5-diene] 
-1 iron(O) (209) (98%), purified by chromatography; v 2050, 1975, 1640 cm ; 
max. 
oH(CC1 4) 5.86-4.76 (3H, m, allyl CH 2=CH), 2.78 (2H, m, 2-, 5-H), 2.6-1.6 
+ (12H, m, 3-, 4-H, (CH 2)4 , allyl CH 2), 1.25 (lH, m, 4-H); m/~ 314 (M ), 
286, 258, 230, 228; (Found: C, 61.41; H, 5.50. c16H18o3Fe requires 
C, 61.17; H, 5.78% ). 
3-Methyl-2-buten-l-yl tri methylsilane (1 ml) and salt (149, 0.3 g) 
gave, after 2 h, tricarbonyl [(l,2,3,4-n)-l-methoxycarbonyl-2-methyl-5-
(31-methylbut-l 1-en-31-yl )-1,3-cyclohexadiene]iron(O) (213) (95%), b.p. 
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o -3 -1 ) 90 (10 mmHg); v 2060, 1990, 1710, 1640 cm ; cS H(CC14 5.8-4.72 max. 
(3H, ABC m, l_ 16, 9, 2 Hz, allyl CH 2=CH), 5.18 (lH, d, ~ 6 Hz, 3-H), 
3.66 (3H, s, C0 2Me), 2.96 (lH, dd, ~6, 2.5 Hz, 4-H), 2.48 (3H, s, 2-Me), 
2.40-1.95 (2H, m, 5-, 6-H), 0.92 (6H, s, 3'-Me's), 1.08 (lH, m, 6-H); 
(Found: C, 56.50; H, 5.70. c17H20o5Fe requires C, 56.69; H, 5.60%). 
(1,4-Cyclohexadien-l-yl)methyl trimethylsilane (214, 0.35 ml) and salt 
(151, 0.42 g) gave after 14 h, tricarbonyl[(l,2,5,6-n)-3-(4'-methylidenecyclo-
hex-l '-en-5'-yl )bicycloc4,4,0 Jdeca- ·1 ,5-diene]iron(O) (215) (98%), b.p. 
o ( -3 ) -1 ) ( 120-130 10 rrrnHg ; v 2050, 1975, 1650 cm ; cSH(CCl 4 5.54 2H, br max. 
s , 1 1 - , 2 1 - H ) , 4 . 6 4 ( 2 H , m , me thy l i den e C H 2 ) , 3 . 0 - 1. 5 ( 1 7 H , b r m , ( CH 2 ) 4 , 
2-, 3-, 4-, 5-, 3'-, 5'- 6'-H), 1.32 (lH, m, 4-H); m/z 366.0918 (M+) 
(c 20H22 Fe0 3 requires M, 366.091 8), 338, 310, 282, 280. 
2-(1,4-Cyclohexadien-l-yl )-2-propyJ trimethylsilane (216, 2 ml) and 
s al t ( 15 1 , 1 g ) gave aft e r 2 0 h , tr i carbonyl [ ( 1 , 2 , 5 , 6-n ) - 3- ( 4 ' - methyl e thy l -
i den e c y cl oh ex - l ' -e n- 5 ' -y l ) b i c y cl ~ c 4 , 4 , 0 J de ca - 1 , 5 - di en e] i ro n ( 0 ) ( 2 17 ) ( 86 % ) 
b.p. 140-150° (10- 3 mnHg) which solidified to a waxy solid on cooling, m.p. 
75-82°; v 2042, 1970, 1655 (weak); cSH (CC14), 5.58 (2H, br s, l'- 2'-H), max. 
3.0-1.5 (17H, br m, (CH2)4, 2-, 3-, 4-, 5-, 3'-, 5'-, 6'-H), 1.62 (6H, br s, 
+ Me's), 1.10 (lH, m, 4-H); m/~ 394.122 8 (M) (c 22 H26o3Fe requires M, 
394. 12 3 l ) , 366 , 3 38, 310, 308) . 
Allyl trimethylstannane (~.5 ml) and salt l.Z., 0.4 g) were heated for 
15 h in refluent dichloromethane (15 ml). Usual work-up gave a yellow oil, 
identified by spectral data as (206) (97%). 
Allyl trimethylstannane (0.4 ml) and salt (80, 0.4 g) were treated as 
just described to give a yellow oil (0.11 g) and recovery of cation (0.2 g). 
1H nmr of the oil suggested the complex to be tricarbonyl[(l,2,3,4-n )-
2 - me th o x y -5 - me thy l - 5 - ( p r o p - l ' - en - 3 ' -y l ) - 1 , 3 - c y c l oh e x a d i en e] i r on ( 0 ) , ( 80 ) , ( 3 o % ) 
cSH (CCl4) 5.88-4.80 (4H, m, 3-H, allyl CH2=CH), 3.60 (3H, s, 0Me), 3 . 24 
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(lH, m, 1-H), 2.36 (lH, d, ~6 Hz, 4-H), 2.0-1.2 (4H, 6-H, allyl CH2), 
0.96 (3H, s, Me). A singlet at o 3.38 ( < 10%) suggested the presence 
of some product due to alkylation at the l-position of cation (~). 
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CHAPTER FIVE 
INTRODUCTION 
In this section aspects of the mechanism of reaction between 
tricarbonylcyclohexadienyliron cations and TMS enol ethers are discussed. 
Two pathways are considered which differ mainly in the timing of bond 
breaking and bond forming. It is likely the conclusions drawn in this 
chapter are applicable not only to the reaction between TMS enol ethers 
and cFe (CO) 3J+ cations but also to the reaction of the latter with allyl 
silanes (Chapter four). The same results will no doubt apply to reactions 
of TMS enol ethers and other metal-stabilised cations(l44 ) as well as 
various electrophiles(l40 ) which react with O-silylated enolates without 
catalysis. 
RESULTS AND DISCUSSION 
In contrast to the attention given to mechanisms of reactions of TMS 
~nol ethers v1ith electrophiles und~r the influence of catalysis( 138 ' 169 ), 
those mechanisms of reactions which proceed in the absence of added reagents 
have received only little consideration. 
Hassner( 149 ) considered two possibilities for the reaction pathway 
for conversion of nitrosyl chloride and TMS enol ethers into a-oximino 
ketones. One involved direct addition of NO+ to the double bond followed 
--
by elimination of TMS chloride then rearrangement of an a-nitroso ketone 
to the observed oxime product. The alternative route proposed initial 
interaction of the silyl ether oxygen lone pairs of electrons with NO+, 
elimination of TMS chloride, then rearrangement of the so formed vinyl 
nitrite to the oxime. Rates of isomerisation of some model nitrite com-
pounds suggested this was an unlikely sequence in the reaction between 
nitrosyl chloride and TMS enol ethers, and the former mechanism was pre-
ferred as a consequence. 
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Likewise, addition of bromine to TMS enol ethers has been reported 
to proceed by direct attack at the double bond with subsequent eli mination 
of TMS bromide. (l 70) Other heteroatom electrophiles similarly undergo 
reaction with TMS enol ethers in the absence of catalysts(l 7l,l 7Z) but 
again mechanistic details are sparce. Carbon electrophiles such as 
+ -
Eschenmoser's salt (CH2=NR2 X) also react with 0-silylated enolates with-
out assistance of catalysts. (l 73 ) 
The point of added catalysts is emphasised in view of the fact that 
weak carbon electrophiles e.g. the carbonyl group, only undergo reaction 
with TMS enol ethers in the presence of an activating catalyst. Either 
a Lewis acid can be employed to polarise the alkylating agent or else 
fluoride ion~ can be employed to produce an enolate anion from the TMS 
enol ether (see Chapter four). It was on the basis that tricarbonyl-
cylohexadienyliron cation salts (BF4 , PF6) may undergo reaction v1ith TMS 
enol ethers by supplying a fluoride ion to produce an enolate which then 
undergoes reaction with the dienyl cation, that some preliminary mechanistic 
probes were undertaken. This possibility is compared with direct attack 
of the enol ether double bond on the cation. Also because the reaction 
has synthetic merit (see Chapter six) a closer examination of the reaction 
pathway is desirable. 
Tv10 possible sequences are set out below. 
t1echanism A 
~SiMe 3 
1 Co 
E+ r>F O + _I 
6 ~ 
0 
E 11 ~ 
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Mechanism B 
In mechanism A a pathway involving initial reaction of PF6
8 (or 
F8 derived from it) with the silicon atom is proposed. Although the 
generation of an enolate 10n by reaction of fluoride with TMS enol 
ethers has much literature precedent(137 ), the ability of PF6
8 to gen-
erate F8 under the conditions employed is questionable. Transfer of F8 
from the analogous BF4
8 to highly reactive carbonium ions is, however, 
well known (see later). It may well be that only a partial P-F---Si 
0 linkage is required, or else only small amounts of F to trigger enolate 
formation. This point was investigated from a number of directions. 
0 The argument depends entirely on the approach of PF6 to the Si 
atom being the first step in the mechanism, with subsequent formation 
--
of a possibly free enolate anion. To examine the first of these two points, 
cyclohexanone was converted into its tert-butyldimethylsilyl (TBDMS) enol 
ether(218 ) thereby providing a contrast with the TMS compound (155 ). 
It was next shown that (218) gave the same adduct (156 ) with cation (6) 
as does the TMS compound ( 155 ) ( Chapter four). The reactivity of the 
two enol ethers with cation salt(£) was compared by m1x1ng all three 
compounds together in acetonitrile (equimolar quantities of (21 8) and 
(155 ) were employed) and monitoring the disappearance rates of each enol 
ether by glc. 0 0 If the initial attack at the Si atom by PF6 (or F) is 
165. 
· important then the more hindered TBDMS enol ether( 174 ) should react at 
a slower rate than the TMS compound . This was not found to be the case 
and surprisingly, the TBDMS enol ether was consumed at a faster rate than 
( 175 ) 
the TMS analogue. The same result was observed for the 2-methoxy 
cation (7). 
OTMS 
(155) 
OTBDMS 
t1= Fe (CO) 3 (~ 18) 
-
OLi+ 
I + (6) 
~OBut 
(219) 
The question of enolate 
,' r; ) 
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(2 2£) 
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0 
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formation during the 
0 
5 
I;/ 
I; 
( 156) 
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M 
+ 
(~) 
reaction was next 
examined. When cation (6) was treated with an equivalent of lithium 
e·nblate(219) in MeCN (the usual solvent for reaction between tricarbonyl-
cyclohexadienyliron cations and TMS enol ethers) at room temperature, a 
mixture of at least six compounds was obtained (tlc) from which only two 
were isolated. These were the expected adduct (220 ,25%) and the dimer 
(20L , 18%) formed by reductive coupling. (l60 ) The formation of the 
dimer is not observed in the reaction between (6) and TMS enol ethers, 
nor is the reaction as complex with respect to the number of products 
and the yields of the desired adducts . Repetition of the reaction in 
THF (-78°) gave only adduct (220 ,47%). 
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Also in keeping with the fact that an enolate anion is probably not 
formed during the TMS enol ether - [Fe(C0) 3]+ reaction is the observation( 
Chapter four) that regio-defined TMS enol ethers such as ( 161 ) and ( 167 ) 
react with maintenance of regiochemistry and do not give mixtures expected 
of an enolate anion derived from (221) or (22~ ). Enolate anions of 2-
methylcyclopentanone are known to equilibrate extremely rapidly and it is 
unlikely that, if formed, they v1ould alkylate (~ more rapidly than they 
would undergo equilibration_(l76,177) 
0 
0 
OTMS 
(ill) 
OTMS 
(l§.Z) 
o-
(221) 
Several other observations are relevant to the argument against 
mechanism A. Firstly, while ,tis well established that quaternary ammonium 
fluorides catalyse the reaction between TMS enol ethers and benzyl 
bromide(l 37 ), it was found that ammonium hexafluorophosphate did not: 
Secondly, when cation (80) and the hindered 0-silylated enolate (185 ) were 
- ·-
mixed, reaction did not take place, but importantly, the enol ether was 
unchanged (glc). These points establish that PF6
8 is not reacting with 
the TMS enol ethers as a first step in their reaction with [Fe(C0) 3] + 
salts. 
.. 
16 7. 
7+ 
+ 7' 
(80) (185 ) 
While the foregoing results can be considered as evidence against 
mechanism A, they do not confirm mechan ism B. The following observations 
can, however, be considered as corroborative for pathway B. 
The initial step of mechanism B comprises nucleophilic attack on the 
cation by the electron-rich enol ether double bond. If this were to be 
a discrete step then a carbonium ion B to the silicon atom would be 
formed . The stabilisation of carbonium ions in such a situation 1s well 
known and has much literature precedence( 159 ,l 78 ) The stabilising 
effect of a silicon atom B- to a carbonium ion has been especially studied 
1n the allylsilane series, but has been also noted 1n C-0-Si systems. (l 79 ) 
It may be that the next step involves rupture of the Si-0 bond, 
as shown in mechanism B, to generate the observed carbonyl compound. 
This would involve formation ~of the TMS cation (TMS+PF6
8) which may be 
an unlikely process in view of the fact that such cations are not generally 
observed in solution . (lSO ' 181 ) More probable is formation of a penta-
0 0 
coordinate silicon atom by involvement with PF6 , or rather , a F ion 
from it. ( 137 ' 182) 
The transfer of FO from GF Oto a reactive electron-deficient centre 
thQ 4 
1s well-known in literature. The Schienmann reaction, for example, pro-
/\ 
ceeds by way of a phenyl cation abstracting F8 ion from BF4
8 in the 
..... 
.. 
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decomposition of aryl diazonium fluroborates. ( 183 ) Similary, reaction 
of a-bromo ketones with AgBF4 gives a -fluoro ketones by a process which 
is reported to involve F8 10n transfer to an electron-deficient centre. (184 ) 
Other examples of similar processes are known( 185 ) including trityl ion 
oxidation of alkyl silyl ethers, which has much analogy with the present 
sys tern. ( 186 ) 
(PF5 ) F I Me 
.,./"' 
Si / --Me 
o I 
E I+ Me 
( 22~ 
A penta-coordinate spec}es such as (223) can decompose to give 
the observed carbonyl compound together with TMS fluoride and PF5. 
Evolution of acidic gases has been reported in related cases( 179 ) 
and can be detected in the present series. To determine the fate of the 
PF6
8 ion, a typical reaction (salt(}_), cyclohexanone TMS enol ether, MeCN) 
was performed in a 10mm nmr tube and the progress of reaction monitored by 
19F nmr. Appropriate standards were measured to enable rapid detection 
of the fluorine-containing products . 
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The reaction was performed initially at -30° so that volatile PF5 
(b.p.-72°) and TMSF (b.p. 16°) could be observed . At this temperature 
reaction was very slow as indicated by the intensity of the PF6
8 doublet 
and by I.R. The re action was brought to room temperature for 1 hand then 
cooled to -30° to record the 19 F spectrum. TMSF was observed 1n a small 
a mo u n t , as we l l as i n di cat i on s of P F 5 a l tho ugh ex a c t i den t i f i cat i on vi as 
more complicated here. After standing overnight at o0 IR showed reaction 
was complete and 19 F nmr detecte d TMSF in substantial quantity. A definite 
assignment of PF5 was not possible, perhaps because of volatility problems. 
The formation of these materials does not preclude forma tion of 
TMS PF6 since this may be expected to deco mpose to the same two compounds. (IS? '. 
Support for the formation of a carbonium ion 8- to silicon (mechan-
ism B) was also obtained indirectly by varying the group attached to the 
developing carbonium ion centre since it might be expected that the 
stability of an intermediate such as (224 ) would be sensitive to the 
nature of R'. This has been qualitatively demonstrated by using a range 
of TMS enol ethers where R' = alkyl (ketone), hydrogen (aldehyde), meth oxy 
(ester, lactone) and carbomethoxy (from methyl pyruvate). 
H OTMS 
>=< 
-
0 -Si Me 3 
E~R' 
4> OMe 
( 225 ) ( 172 ) 
-
( 224 ) 
OTMS 
OTMS 
6 OTMS 
~H 
( 155) ( 180) ( 185 ) 
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Chapter four gives details of the preparations of these enol 
ethers (except the methyl pyruvate derivative) and their reactions 
with tricarbonylcyclohexadienyliron cations. Of note here is the 
observation that when R' = alkoxy ( 172) or ( 180) then a larger excess 
- -
is required to drive the reaction to completion as compared to ( 155) 
or ( 185 ). Strikingly, the pyruvic ester derivative ( 225) failed to 
react with cation ( 6 ) , implying that ( 224) may be an intermediate, 
since the presence of the ester group would de-stabilise the adjacent 
positive charge (R 1 = co2Me), as well as reducing the nucleophilicity of 
the enol double bond. 
It can also be noted that the overall rate of the reaction is de-
pendent on the structure of the cation suggesting that the rate-determing 
step involves the salt. This rate observation is more pronounced in 
reactions of allyl trimethylsilane with the dienyl cations (Chapter four) 
where the l-C02Me cation requires about 1 h to reach completion (CH2Cl 2, 
40°) while the 2-0Me cation requires about 20 h in 1,2-dichloroethane 
(b.p. 83°). 
The conclusion drawn from this study is that the reaction probably 
does not involve initial PF6
8 or F8 attack at the silicon atom of TMS 
enol ethers (or allyl silanes) and also that a free enolate anion is not 
.• 
involved. More in keeping with the experimental evidence is a mechanism 
such as Bin which the nucleophilic double-bond of the enol ether (cf 
enamines) reacts with the cation to produce a B-stabilised 
0 0 
carbonium ion. This may further react with a F from PF6 giving a 
penta-coordinate silicon atom which subsequently decomposes to the observed 
products. 
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EXPERIMENTAL 
GENERAL 
Glc measurements were taken on a Perkin-Elmer 881 equipped with 
a flame-ionisation detector. The column used was 2 min length and 6 mm 
outer diameter packed with 2% OV17 supported on 80-100 chrorrosorb W. 
19 F nmr spectra were recorded on a Bruker B-KR 322s using external tri-
fluoroacetic acid as reference. 
PREPARATIONS. - Cations used, (6) and (7), were prepared as described 
- -
in Chapter three. The TMS enol ethers were obtained as described in 
Chapter four with exception of TBDMS enol ether of cyclohexanone which 
was prepared according to the method of Corey( 174 ), and the TMS enol ether 
of methyl pyruvate ( l25) which was prepared by A.S.Narula. The stable 
lithium salt of tert-butyl acetate was prepared by the method of 
Ra th ke. ( 18 8 ) 
Reaction between cations (6) or (7) and a mixture of TMS and TBDMS enol 
ethers of cyclohexanone. o 3 -1 Retention times (75 , 20 cm min N2) were 
obtained for the enol ethers: TBDMS-Rt 6.7min; TMS-Rt 2.60 min. Both 
compounds were shown to be stable in the acetonitrile which was to be used 
for reaction. A mixture comprising TBDMS enol ether ( 218, 3 eq.), TMS 
enol ether ( 155, 3 eq.) and cation (l) was prepared 1n acetonitrile. Glc 
monitoring after about 3 min showed substantial loss of both enol ethers. 
Repetition of this experiment using cation (]_) gave the same result but it 
was evident here that (~1 8 ) decreased in concentration more rapidly than 
( 155 ), although allowance for response factors was not established. 
Reaction of lithium tert-butyl acetate with (6). (a) under 11 usual cation-
TMS enol ether 11 conditions. - A slurry of the lithium enolate (0.34 g) 
in acetonitrile (5 ml) was added portion-wise over 5 min to a stirred 
solution of cation (6, 1 g) in acetonitrile at room temperature. Within 
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about 5 min the solution had turned dark brown and its I .R. showed com-
-1 plete disappearance of the bands at 2110 and 2060 cm (cation) with 
formation of two new bands at 2045 and 1970 cm- 1. Solvent was then re-
moved from the reaction mixture by applying vacuum and the residue triturated 
with a mixture of hexane and ether (1:1). These washings were combined and 
concentrated to leave a yellow oil which showed seven spots on tlc (silica-
hexane/ether, 10:l). This oil was chromatographed (silica-hexane/ether, 
20:l) to give 3 yellow bands. The first (0.324 g) was shown by tlc to 
contain two major compounds Rf (10% ether in hexane) 0.99 and 0.80 as 
well as 3 minor ones (Rf 0.85, 0.65, 0.58). The second band from chromato-
graphy (0.09 g) had 3 components (tlc, Rf 0.38, 0.30, 0.20) as well as 
trace amounts of compounds contained in the first fraction. The final 
band from chromatography (0.03 g) contained two compounds (Rf 0.20, 0.12). 
Fraction 2 and 3 were not identified while the oil obtained from 
fraction 1 was further purified by preparative thin layer chromatography 
using silica-gel (ether-hexane, 1:20). Two major components were separated, 
0.10 g (faster) and 0.21 g respectively. The first compound had m/~ 438 
(M+) and showed successive loss of 6 carbonyl fragments. As well, 1 H nmr 
(CC1 4) showed only a .complex·having no dominant functional groups 
(tert-butyl etc.), cS H 5. 24 (4 H, m, inner diene protons), 2.96 (4H, m, 
outer diene protons), 1.90 - b.96 (6H, m). This data together with I.R. 
(v 2045, 1970) indicate this compound to be the dimer (l'.'.02 )_(l50) 
max . 
The second fraction contained tricarbonyl [(1,2,3,4-n)-5-(tert-
butoxycarbonyl )methyl -1,3-cyclohexadiene]iron(O) (2£'.'.0 ) (25%), m.p. 41/42° 
(petrol-ether); v 2050, -1 cS H 5 . 30 ( 2 H , m , 2 - , 3-H ) , 19 80 , 1 7 30 cm ; max. 
3.10 ( 2H, m, 1-, 4-H) , 2.44 ( lH, m, 5-H) , 2 . 3 - 1. 9 ( 3H, m, 6-H , l 1 -H) ' 
1. 39 ( 9H, s ' C(CH 3)3), 1. 30 ( l H , br d, i 15Hz, 6-H); 
+ 
m/~ 334 (M) 306. 2 78, 
250; (Found: C, 54 .09; H, 5.39. c15 H18o5Fe requires C, 53.92; H, 5.43%). 
(b) under 11 artificial 11 conditions. - The above reaction was repeated in 
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THF at -78°. The reaction was allowed to warm to room temperature 
after about 10 mins. At ca. -25° the mixture became homogeneous and 
I.R. (taken at o0 c) indicated complete disappearance of the cation. The 
yellow solution was poured into water and extracted with ether to give, 
after usual work-up, a yellow oil which was chromatographed (silica-
5% ether in hexane) and then distilled (b.p. 90°/10- 3 mmHg) to give a 
yellow solid m.p . 41/42° identical with the adduct just described ( 220) 
( 4 7%) . 
Detection of TMSF.- Using a 10 mm nmr tube as reaction vessel, 
2-methoxy cation(}_, 0.2 g) 11,as dissolved in acetonitrile (2 ml) and the 
19 F spectrum recorded, oF 6.2 (d, ~P-F) 703.3 Hz). Likewise samples of 
TMSF (oF -89.5_, m, ~H-F) 7.1, ~Si-F) 135 Hz), and PF5 (cSF -10.99, d, 
I(P-F) 1064.5 Hz) were recorded in MeCN. As well as the expected doublet 
obtained for PF5 a second broad doublet was also present due either to 
partial hydrolysis or complexation with the solvent. ( 189 ) 
Cyclohexanone TMS enol ether (0.2 ml) was next added to the reaction 
vessel containing (l) and the mixture cooled to -30°. After 1 h, there 
was very little change in the 19 F spectrum and so the mixture was allowed 
to warm to room temperature for 1 hand then cooled to -30° again. The 
19 F spectrum clearly showed the presence of the typical TMSF multiplet 
at cS -89.5 with correct coupling constants, and 3 small doublet at o -10.2 
(I 1064 Hz) suggests PF5 . After standing overnight an appreciable quantity 
of TMSF was present but there was no longer a doublet at around o -10 
for PF5. I.R. after this time indicated complete reaction of the cation ("J_) 
even though a small doublet attributed to salt (7) was still apparent in 
19 the F spectrum . 
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CHAPTER SIX 
INTRODUCTION 
The importance of the reaction between tricarbonylcyclohexadienyliron 
cations and the silicon-based reagents earlier described is related to 
the products formed after removal of metal from the initial adducts. It 
allows, for instance, a demonstration of the principle of synthetic 
equivalents as applied to these cations by providing examples which are 
of some synthetic merit . This includes a novel and quite general a-arylation 
procedure for carbonyl compounds. As discussed, methoxy substituted cation 
salts are also related to cyclohexenones with a positionally defined posi-
tive charge and examples of this process leading to new C-C bonds at 
either C-4 or_ C-5 are presented. 
RESULTS AND DISCUSSION 
Aromatic Cation Equivalents - An a-Arylation Procedure for Carbonyl 
Compounds 
Aromatic cations are observed in solution only in the presence of 
super-acids,(l90) and as such are of limited synthetic application. They 
d . d. . d d. . . . ( 191 ) d · h are suggeste 1nterme ,ates 1n e 1azon1at1on reactions an 1n t e 
gas phase decomposition of molecules of the type c6H5X where X=halogen, 
(192) 420 + -l N02, co2Me etc. A mean t:,. Hf of c6 H5 of 1146 kJmo l has been 
obtained from appearance potential measurements of halogeno benzenes in 
their gas phase. (l93 ) 
These points on the access to, and stability of aryl cations serve 
to make the equivalency of tricarbonylcyclohexadieneiron cations to 
specifically protonated aromatics all the more useful. This utility 1s 
further emphasized by a lack of general approaches to aromatic nucleophilic 
substitution which 1n the case of aryl halides requires the presence of 
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ortho- or para-substituents with electron-withdrawing character. An 
alternative method consists of attachment to the aryl halide of a Cr(C0) 3 
group which acts by attracting electron density from the ring to about the 
same extent as a nitro group. (46 ,47 ) Related to this is the ability of 
benzene chromium tricarbonyl complexes to undergo reaction with carbon 
nucleophiles, although the range here is limited to carbon acids of 
0 
pka >25, e.g. CH 2CN. (l
94 ) 
Electrophilic substitution reactions such as Friedel-Crafts alkylation 
or acylation are used to form carbon-carbon bonds with aromatics although 
there are limitations to the type of substituted aromatics which can be 
used. Electron-withdrawing functions tend to inhibit reaction by reduc-
ing the nucleophilicity of the ring, while groups such as OH, alkoxy or 
amino often undergo complexation with the Lewis-acid catalyst required 
for activation of the alkyl or acyl halide. 
Aryl lithium or magnesium reagents are sources of aromatic anions 
which undergo C-C bond formations with fairly wide applicability. They, 
are however, not available when the aryl group contains a reactive 
cationoid functionality such as an ester group. Also, required for their 
formation is the presence of a correctly positioned halogen atom or else 
·t bl d d. t· groups such as OMe or NR2(l
95 ) su1 a y arrange coor 1na 1ng 
Reactive benzynes are limited in their usage for forming C-C bonds 
by problems of regioselectivity which makes patterns such as ortho-
or para-OMe inaccessible. As well, the benzynes often require particular 
groups to be arranged ortho in the aromatic precursor in order to allow 
their formation. (l96 ) 
Aryl radicals have restricted usefulness as participants in C-C bond 
formation, mainly because of their high reactivity which generally promotes 
r 
.. 
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simple dimerisation. Intramolecular trapping of an aryl radical is 
more useful. (l 97 ) 
It seemed appropriate to demonstrate the use of tricarbonylcyclohexa-
dienyliron cations as aryl cation equivalents by converting the products 
of their reactions with 0-silylated enolates (Chapter 4) into aromatic 
compounds. This process produces carbonyl compounds with an aryl group 
at the 2-position, a procedure which has difficulties by standard methods. 
The method devised by Bunnett(l9S) for such a process, involving 
addition of photo-generated aryl radicals to ketone enolates is limited 
by the structure of the ketone employed; enolates from secondary ketones 
give only poor yields. Similarly the method of Fuchs(l99 ) employing a 
1,4-addition t_o a tosylazo-ene of an aryl copper reagent is restricted by 
the availability of the organometallic reagent(the same applies to the 
addition of Grignard reagents to these systems( 200) ). Likewise, the 
nickel catalysed arylation reaction reported by Millard and Rathke( 20l) 
is applicable only to lithium ester enolates and not ketones, and would 
presumably not be suitable for aryl iodides having reactive functionalities 
attached to the ring. 
Other a-arylation procedures such as 1,2-carbonyl transposition of 
Friedel-Crafts acylation products, (202 ) or coupling of organocuprates with 
2-(phenylthio)allylic acetates,( 2o3) have similar limitations.( 2o4) 
A selection of complexes derived from nucleophilic addition to 
cations were subjected to the process of oxidation and dehydrogenation 
to produce a range of a -arylated carbonyl compounds. The complexes and 
their metal-free products are shown in Table 9. 
Oxidative removal of the iron from its complexes has been previously 
. IV III 
achieved using a variety of reagents. Oxidants such as Ce , Fe , 
cu11 and CrVI have been used as well as the 'organic' oxidant, trimethy-
lamine-N-oxide. (2o5) Features of some of these reagents are given in 
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R 
___. ___.. 
0 
RI 
( 170) (226) 
-R R 
___.. ~ 
0 
R' 
(~) (227) 
R 0 - 3 
___.. ___.. 
0 0 
( 183) 
M (228) 
0 
.._.. ~ 0 
OMe 
( 179) OMe 
M (229) 
CHO ---.. __.. 
CHO 
{1 88) (230) 
M = Fe(CO) · 3 ' 
R = COOMe; R1 = Me 
TABLE 9 
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the experi menta l section. In many cases it is possible to isolate the 
diene after disengagemen t of the meta l leading to products which other-
wise would be difficult to synthesize. Equation [39] gives an examp le. 
OTMS 
M 
+ 
1/ 0 
( 2 31) 
_______ [ 39 ] 
In this case the metal was removed by heating the complex in 
0 di methylformamide containing an excess of Me 3N0.2H 20 at 80 for 4h. 
The cooled solution was filtered and partitioned between water and 
petrol . Diene (231) was obtained by distillation following isolation 
of the crude compound fro m the organic phase. The I.R. of this materia l 
-1 
showed no absorption at ca. 2000 cm due to residual Fe(cq3, while the 
band at 1710 cm-l was still evident. 'H nmr analys is indicated the 
absence of any si gni fi cant amounts of aromatic materia l, but showed 
the presence of two olefinic protons ( 84 .94), former ly absent in the 
precursor complex (outer diene protons of the complexes are normally 
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found at higher field, ca 83). In addition the diene underwent a 
Diels-Alder addition reaction with dimethyl acetylenedicarboxylate 
g1v1ng a crystalline adduct, m.p. 77/78°. 
It is important to emphasize the overall role of the Fe(C0) 3 group 
1n the light of this arylation process . The benzoic esters produced 
by this route (Table 9) are substituted in the meta-position by groups 
which are formally nucleophilic in characte~ This is a reversal of 
normal polarity since electron withdrawing groups on an aromatic r1ng 
should usually favour electrophilic substitution at the meta-position. 
Thus the temporary lateral attachment of the Fe(C0) 3 group not only 
stabilises the classic Wheland intermediate but in Seebach's terms induces 
1 umpolung 1 by a red-ox process\ 34the same methodology applies to the 2-0Me 
cation which gives the equivalent overall of nucleophilic substitution 
at what is the relatively ·electron-rich para-position of anisole. 
d 
a 
a= acceptor 
d= donor 
Cyclohexenone Cation Equivalents 
a 
d 
(a) Positive charge at the 4-position of 2-cyclohexen-1-one 
Apart from very reactive nucleophiles like alkyl lithium reagentJ 135e) 
the 2-0 e cation directs anionoid reagents to the 5-position. 
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Metal removal from the diene complex formed in such a manner leaves 
an enol ether which can be readily hydrolysed. The product is a 2-cyclo-
hexen-l-one with a new bond formed at the 4-position. Products are not 
contaminated with the usually more stable 3,4-double bond isorrers.( 206 ) The 
general scheme is given by reaction [40] . 
MeO 
( 7) 
7+ MeO 
M· 
MeO 
- - - - - - - - [ 40] 
The stereochemical purity at C-4 1s determined by the degree of 
resolution of the initial cation . 
The problems associated with alkylation at the -Y-position of 2-cyclo-
hexen-1-one are not trivial. Enolisation under equilibrium conditions 
followed by 0-silylation gives 1-trimethylsiloxycyclohexa-1,3-diene 
which undergoes reaction with carbon electrophiles to produce mixtures 
of a - and -Y-alkylated products, in a similar fashion to the conjugated 
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enam1ne equivalent. (207) Heteroatom electrophiles such as PhSC l give 
( 0 08) predominantly ~-substituted compounds . L Increasing the 
bulk of the silicon group in l-trimethylsiloxy.1,3-dienes 
also enhance the proportion of ~-product over the a -is omer when alkyla-
. f h . d . . d ( 209 ) t1ons o t 1s 1ene are carr1e out. 
Another solution to ~-alkylation has been proposed by Lansbury( 2lO) 
who attaches a phenylsulphonyl group to the 4-position of an enone and 
then as a result of the increased acidity of the remaining ~-hydrogen, 
is able to alkylate at C-4 via the anion. Removal of the activating 
group completes the sequence of ~-alkylation. 
The acid-catalysed ring opening the bicyclic Diels-Alder adducts 
from 1-methoxy-1,3-cyclohexadiene and dienophiles such as methyl vinyl 
ketone gives ~-substituted 2-cyclohexen-l-ones and 1n the example 
shown (equation l41] ) the alkylating agent can be formally considered 
as a homo enolonium synthon. This sequence was originally demonstrated 
by Birch( 2ll) and has recently been re-introduced in a total synthesis 
of trichodermol. (212 ) 
OMe 
+ 
0 
,)~ 
11 -
MeO 0 
0 
0 
------[41] 
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The 2-0Me cation provides a source of a vinylogous enolonium ion 
equivalent with a stereo-defined capability. Another example of the 
same type of structural equivalent has been reported by Trost( 2l 3) who 
employed a 1-(1-alkoxyvinyl)allylpalladium complex. 
Alkylations of the 2-0Me cation to produce ultimately ~-substituted 
2-cyclohexen-1-ones again provide ~xamples of the reversed polarity con-
cept which was described in a previous section. 
(b) Positive charge at the 5-position of 2-cyclohexen-1-one 
It 1s possible by known chemical methods, including those just des-
cribed, to form new carbon-carbon bonds at each position of 2-cyclohexen-l-one 
with the exception of the 5-carbon. 
0-Silylation of the kinetically formed enolate (LOA, -78°) of 
2-cyclohexen~l-one gives 2-trimethylsiloxycyclohexa-1,3-diene which reacts 
with electrophiles at the 1-position (a'- in the cyclohexenone). Carbons 
one and three of the enone may be functionalised via alternative 1,2- or 
1,4-additions of organometallic reagents while C-3 is activated also to-
wards Mic hael-type carbanions. C-2 can be functionalised either by way 
of the thermodynamic enolate or else by the methods of Fuchs( 2l4) or 
Stork. (2l5) Carbon-carbon bond formation at C-4 of 2-cyclohexen-1-one has 
difficulties but methods are available as just described. 
The 5-position of 2-cycl-0hexen-l-one is devoid of any endogenous 
activation and as such there are no direct methods of forming new C- C bonds 
at this position. 5-Substituted derivatives have been prepared in other 
ways, especially by cyclisation of appropriately substituted linear mole-
cules to give 1,3-diketones, convertible to cyclohexenones. (58 ) When 
considering an approach to 5-substituted cyclohex-2-en-l-ones an obvious 
sequence would involve a disconnection as sho~n be1ow. This, howev~r -requires 
an equivalent of (46), perhaps the highly destabilised phenol tautomer 
(232). (216 ) Semmelhack( 2l?) has used (anisole) chromiumtricarbonyl to 
-
i 
183 . 
prepare 5-substituted cyclohex-2-en-l-ones by direct reaction with 
nucleophiles although the available range is limited to nucleophiles of 
pk> 25. There was also a problem of isomer formation. (217 ) 
0 
R 
0 
+ R 
4-
- 0 
I 
( 2 32) 
-
-
The use of the 3-MeO cation, prepared as described in Chapter 2, 
offers a conceptually different and versatile approach to the problem 
by providing a convergent type of process leading to 5-substituted-2-
cyclohexen-1-ones. Being symmetrical, only one product results from 
nucleophilic addition to the dienyl ring. This advantage has to be 
considered against the fact that unlike the 2-0Me cation, a new chiral 
centre cannot be produced in the cyclohexenone by this method. This 
can, however, be accomplished when another substituent is present. 
The need for a general synthesis of this type lies in the fact that 
there exists in nature several key 5-substituted cyclohexenones including 
carvone and its derivatives. _The synthesis by Heathcock(ZlB) of some 
lycopodium alkaloids begins with such compounds as does the synthesis of 
periplanone-B . (Zl9) Also it has been shown by both Heathcock(ZZO) and 
House (22 1) that the presence of a 5-substituent can control very effici-
ently the stereochemical course of alkylation at the adjacent 6-position 
(a '-enolate reactions). Ficini t222 ) has de111onstrated similar control 
of stereochemistry by a 5-Me group additions to the double bond, (equa-
tion [42] ). 
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0 NE t2 0 I /H NE t 2 
\ + 111 I r 
- Me 
Me I 
Me H 
Me 
------[42] 
The 3-0Me cation has been reacted with a variety of nucleophiles 
and several of the products have been converted to 5-substituted 
2-cyclohexen~l-ones. Table ( 10) gives details of these reactions. 
The method of conversion to enones involves a one-pot oxidation and 
hydrolysis. Various oxidants can be used in accordance with the sensi-
tivity of substituents. In this sense adducts such as (206) and (207) were 
efficiently converted in to the enones (234)and (235) by oxidation with 
Jones' reagent (acetone, room temperature). 
It was anticipated, however, that the aldehyde complex e36) might 
require a less harsh oxidant or protection prior to metal removal. 
Accordingly, this complex was treated with the strongly acidic resin, 
Amberlyst 15 , 1n the presence of trimethylorthoformate in hexane 
( 22 J) 
solution . After 2 h stirring at room temperature, tlc showed 
complete disappearance of the starting material and formation of a single, 
faster running compound . Filtration of the mixture followed by evapora-
tion of solvrnt nnd excess foimate estct left a yellm'-1 solid v~hich vias 
characterised as the dimethyl acetal (238). Oxidation \.;ith pyridinium 
chlorochromate in dichloromethane at room temperature gave enone (239) with 
MO M 
OMe 
M 
(207) 
( 2 36 ) 
QMe 
0 
M= Fe (CO) 3 
18!:> · 
0 
0 
.-
TABLE lO 
# 
( 234) 
( 2-1§.) 1' 
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the aldehyde protecting group intact. This removal of the metal also 
amounts in this case to selective removal of a protecting group . The 
aldehyde was easily regenerated from acetal (239) by treatrrent vii th 
Amberlyst 15 resin in reagent grade ether (room temperature, 15 min). 
M 
OMe 
M--
MeO 
MeO 
( 236) ( 240) 
CHO 
(237) (241) 
.-
M= Fe (CO) 3 
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EXPERIMENTAL 
GENERAL 
Earlier details apply. 
Preparation of tricarbonyliron complexes - These were prepared 
as described in Chapter four by reaction of cations with TMS enol 
ethers or allylsilanes. 
A Arylation Procedures 
Removal of Metal from Complexes.- General Procedures. 
(a) FeCl 3: The method here consists of treating the complex with 
FeCl 3.6H20 (excess) in a benzene-ethanol (1:1) mixture. The reaction 1s 
performed at room temperature but was found to be sluggish. Work-up 
involves simple extraction of the filtered reaction mixture with petrol 
or ether, followed by isolation from the organic phase and purification 
by standard methods. Aromatisation of the metal-free diene was not found 
to be a problem using this method. (167 ) 
(b) Me 3N~0.2H 20: The complex (1 m]ol) and trimethylamine-N-oxide 
dihydrate (8 mmol) are stirred ,n dimethylacetamide (10 ml) at between 
40-90° (oil bath temperature). A suitable temperature is chosen by 
observing the commencement of gas evolution. After evolution of gas has 
subsided, the reaction is generally cooled and worked-up by filtration 
and extraction with ether. Dimethylacetamide is removed by washing the 
organic solution with water. The reaction can be monitored for completion 
by removing samples from the mixture and observing the loss of the bands 
at ca 2045 and 1970 cm- 1, due to Fe(C0) 3, in the I .R. A sample of the 
complex in dimethylacetamide prior to oxidation is used as reference. 
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Occasionally, depending on the temperature required for removal of 
metal, small amounts of aromatic material can be detected in the product. 
Use of anhydrous trimethylamine-N-oxide 1n such solvents as benzene 
or toluene has been recommended for oxidation of methoxy-substituted 
complexes where hydrolysis of the enol ether as well as aromatisation, 1s 
a problem. tl 34 ) 
Aromatisation of Dienes.- General Procedures. 
(a) 2,3-Dichloro-5,6-dicyanoquinone (DDQ); The diene (l mmol) and 
DDQ (l mmol ) are heated and stirred in refluent benzene for l h. The 
phenolic product from DDQ separates as a pale yellow solid on cooling and can 
be removed by filtration. Excess DDQ can be also removed by adding 
cyclohexa-7 ,4-diene to the reaction mix after about l h. Work-up consists 
of concentration of the benzene solution followed by brief chromatography 
over alumina to remove any unreacted DDQ or its derived phenol. Chromatography 
or distillation is then used to purify the desired aromatic compound. 
(b) Palladium/Charcoal. In this process the diene (l mmol) is stirred 
and heated in refluent toluene (10 ml) in the presence of Pd supported on 
carbon (0.5 g) usually for about 75 h. Filtration of the cooled solution 
gives the desired aromatic which 1s purified by standard methods. 
B • Cyclohexenone Formations 
The most convenient approach, utilised here, 1s a one-pot oxidation 
and hydrolysis. Different reagents may be used. 
(a) Cerium IV, acetic acid. To a stirred solution of the methoxy 
complex in acetone (l mmol in about 70 ml) is added eerie ammonium nitrate 
(3 mmol). Immediate evolution of a gas 1s observed. The mixture is further 
stirred for 75 min. then water (20 ml) is added and the mixture poured into 
ether (30 ml) containing acetic acid (10 ml). After partition , the organic 
phase is coll~cted, washed with water and dried (MgS0 4 ). Evaporation gives 
an oil which is purified by standard methods. 
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(b) Chromic acid, acetone (Jones' Reagent). Jones' reagent 
(~ 1.5 ml) is added to a stirred solution of the methoxy complex (1 mmol) 
in acetone (10 ml). Gas is evolved immediately and when this has sub-
sided the solution is decanted into water (20 ml) and extracted with ether 
to give, after usual work-up, an oil which is purified by standard methods. 
(c) Pyridinium Chlorochromate. This reagent has the advantage in 
oxidation of the iron that functional groups such as aldehydes are not 
oxidised, whereas reagents like Jones' oxidant are known to react with 
such sensitive functionalities. Furthermore, the reaction can be carried 
out under buffered conditions if required. 
A solution of the complex (1 mmol) in dichloromethane (4 ml) is added 
dropwise to a stirred suspension of pyridinium chlorochromate (5 mmol) in 
dichloromethane (20 ml). The reaction is stirred for about 4-5 h during 
which time a gas is evolved. Completion of reaction may be monitored for 
by I.R. The solution is poured into ether (200 ml) and then filtered. 
Evaporation gives the crude product which is purified by normal procedures. 
Preparation of a -Arylated Carbonyl Compounds.- 6-Methyl-2-phenyl-
cyclohexanone was prepared from (162) by FeC1 3 oxidation and DDQ dehydro-
genation as described in Chapter 4 of this thesis. 
2-(Bicyclo[4.4.0]deca-l '_,5 '-dien-3' -yl )cyclohexanone (231) was pre-
pared by treatment of the complex (158, 1 g) with trimethylamine-N-oxide 
dihydrate (90° bath temperature, 1.5 h) as described, 68.5%, b.p. 100° 
( 0 . 0 0 1 mmJ-1 g) ; v 1710 cm - 1 ; 6 H ( CC 1 4 ) 4 . 9 4 ( 2 H , m , 2 ' - , 5 
1 
- H ) , 2 . 6 0 -
max. 
1.10 (20H, br m, remaining protons); m/z 230 (M+). 
This diene was reacted with dimethylacetylene dicarboxylate (3 equivalents; 
benzene, 80°, 1 h) to give a crystalline adduct, m.p. 77-78° (petrol/ether); 
111/z 372 (M~ for Diels-Alder adduct), 248 (retro-Diels-Alder product). 
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Methyl 6-methyl-3-(2'-oxo-3'-methylcyclohexyl)ben zoate e27), was 
prepared without isolation of the diene intermediate as follows. Ester 
complex (164, 0.57 g) and Me 3 N0-2H 20 were heated at 80° in dimethylacetamide 
(25 ml) for 20 mins. The dark solid was then cooled, diluted with toluene 
(25 ml) and filtered through Celite. Following this the solution was washed 
with water (3 x 50 ml; to remove dimethylacetamide), brine and again water. 
To the dried (MgS0 4 ) solution was added DDQ (0.5 g) and the mixture heated 
at 100° for 0. 5 h. A small portion was then worked-up as described and this 
showed incomplete dehydrogenation. The crude mixture was stirred over a 
weekend with a further 0.3 g DDQ to give complete aromatisation. The aromatic 
compound was obtained by filtering the solution through neutral alumina 
(Act. I) followed by evaporation (63%). The compound was further purified 
by preparative thin layer chromatography (Si02 /petrol-ether, 10:1); vmax 
1710 (br); oH(CCl 4 ) 7.62 (lH, br s, 2-H), 7.12 (2H, br s, 4-, 5-H), 3.81 
( 3 H , s , CO 2 Me ) , 3 . 5 0 ( 1 H , m , 1 ' -H ) , 2 . 5 6 ( 3 H , s , 6- Me ) , 2 , l 0- 1 . 1 0 ( 7 H , m ,
3'-, 4'-, 5'-, 6'-H), 1.00 (3H, d, ;!_ 7 Hz, 3'-Me); m/z 260 (M+). 
Methyl 6-methyl-3- (1 '-methylbutan-2'-one)benzoate ~26) was prepared 
by successive treatment of complex (170, 0.36 g) with Me 3 N0-2H 2 0 (l g) in 
dimethylacetamide (20 ml) and DDQ (0.23 g) in benzene (20 ml) as previously 
described. Elution from an alumiQa column with toluene gave the aromatic 
ester, 52%; vmaxl710 (br) cm- 1 ; oH(CCl 4 ) 7.76 (lH, br s, 2-H), 7.20 (lH, 
br s, 4-, 5-H), 3.82 (3H, s, C0 2 Me), 3.72 (lH, m, l '-H), 2.62 (3H, s, 6-Me), 
2.36 (2H, m, 3'-H), 2.38 (3H, d, ;!_ 7 Hz, l '-Me), 0.96 (3H, m, 4'-H); 
+ 
m/~ 234 ( M ) . 
Di hydro- 3- ( 3' -methoxyca rbony 1-4' -methyl )oheny l -2 ( 3H) -f uran one ( 228 ) was 
prepared by treatment of complex (ULl, 0.5 g) with Me 3 N0·2H 20 (1 .2 g) 1n 
dimethylacetamide at 80° for 1.5 h. DDQ (0.21 g) oxidation of the crude diene 
gave, after chromatography on alumina (acidic, Act. I; petrol-ether, 9:1), 
• 
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the desired aromatic compound .££fil 55%; vmaxl765, 1720 cm- 1 ; oH(CCl 4) 
7.79 (lH, br s, 21 -H), 7.24 (2H, m, 5 1 -, 6 1 -H), 4.30 (2H, m, 5-H), 3.82 
(3H, s, C0 2 Me), 3.72 (lH, br s, 3-H), 2.56 (3H, s, 6-Me), 2.80-2.10 (2H, 
+ 
m, 4-H); m/~ 234 (M ). 
Methyl phenyl [6-(l ,2,3,4-tetrahydronaphthalene) ]acetate e29) was 
obtained by treatment of complex (179, 0.85 g) with Me 3N0·2H 20 (l g) 1n 
dimethylacetamide (20 ml) at 75° for l h. The crude diene obtained as 
earlier described was stirred for 20 h in refluent toluene containing 
palladium/charcoal (O.l g, 10% Pd). Work-up gave a colourless oil, b.p. 170° 
(10- 3 mmHg), 60%; vmaxl730 cm- 1 ; oH(CCl 4) 7.40-6.70 (SH, m, aromatic protons), 
4.78 (lH, s, benzylic H), 3.62 (3H, s, C0 2 Me), 2.8-2.3 (4H, m, 11 -, 41 -H), 
l.9-1.50 (4H, m, 21 -, 3 1 -H); m/~ 280 (M+)_. 
l, l-Dimethyl-l-[6-(l ,2,3,4-tetrahydronaphthalene)Jacetaldehyde e30) 
was prepared by reaction of complex ~88, l .26 g) with Me 3N0-2H 20 (3.5 g) in 
dimethylacetamide (20 ml) at 90° for 20 mins. Usual work-up gave the crude 
diene (v 1738, 1660 cm- 1 ; oH (CCl 4) 9.28 (lH, s, CHO), 5.30 (2H, m, diene max 
+ protons); m/~ 204 (M) which on treatment with Pd/C (lg, toluene, 110° , 15 H) 
gave the aroma ti c ~ , b.p. 80° (10- 3 mmHg), 78.5%; v 1738 cm - i · max ' oH(CCl4) 
9.28 ( 1 H, s ' CHO) , 6. 84 ( 3H , m, aromatic protons), 2.72 (4H, m, l I - ' 41 -H), 
1 . 79 (4H, m, 21 -, 31 -H), l . 36 ( 6H; s, l -Me I s) ; m/~ 202 ( M+) . 
.... 
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Preparation of Substituted Cyclohexenones.- 4-(2'-Propenyl)-2 
cyclohexen-1-one (234) was prepared from methoxy complex (206, 2.14 g) and 
Jones' reagent as described in the earlier procedure, b.p. 80° (1 mmHg), 
lit. (206 ) b.p. 87-88° (7 mmHg), 65%; vmax·.16 85 cm- 1; c5H(CC1 4) 6.68 (lH, 
br d, ~ 10 Hz, 3-H), 5.92-4.88 (4H, m, allyl CH 2=CH, 2-H), 2.6-1.6 (7H, 
+ 
m , a 11 y l CH 2 , 4- , 5 - , 6 - H ) ; m / ~ 136 ( M ) . 
5-(2'-Propenyl )-2-cyclohexen-l-one (235) was obtained by treatment of 
methoxy complex (207 , 0182 g) with eerie ammonium nitrate followed by 
acidic hydrolysis as described to give the enone (235), b.p. 85° (2.5 mmHg); 
v 1685 cm-l; c5 H(CC14) 6.90 (lH, m, 3-H), 6.0-4.9 (4H, m, allyl CH 2=CH, max. 
+ 2-H), 2.62-1.86 (7H, m, allyl CH 2 , 4-, 5-, 6-H); m/~ 136 (M ). 
5-(2 1,2 1-Di methoxy-l 1, l '-dimethylethyl)-2-cyclohexen-l-one (241). 
3-0Me cation (-12, 2.0 g) was reacted with the TMS enol ether of 2-methyl-
propionaldehyde by the method described in Chapter 4 of this thesis to give 
after usual work-up tricarbonyl [(1,2,3,4-n)-2-methoxy-6-(2 1-rrethyl-l '-oxopro-
pan-21-yl )-l,3-cyclohexadiene]iron(O) (236) (58%); v 2045, 1975, 1735 
- max. 
cm-l; c5H(CC1
4
) 9.25 (lH, s, CHO), 5.08 (lH, d, ~6 Hz), 3.60 (3H, s, OMe), 
3.18 (lH, m, 1-H), 2.62 (lH, m, 4-H), 2.34 (lH, m, 5-H), 1.9-1.58 (lH, m, 
6-H), 1.10 (lH, m, 5-H), 0.96 (3H, s, Me), 0.90 (3H, s, Me); m/z 320.034 4. 
(c 14H16o5Fe requires M, 320.034 7), 292, 264, 236, 234. 
This adduct (0.4 g) was ~tirred in hexane (5 ml) containing trimethyl-
orthoformate (1 ml) and Amberlyst 15 resin (0.25 g). After 2 h, tlc showed 
complete disappearance of the aldehyde complex and formation of a single 
faster running compound. The mixture was filtered through Celite and 
evaporated to leave a yellow solid (240) m.p. 67-68°, (95%); vmax.2042, 
-1 1975 cm ; cSH (CCl 4) 5.00 (lH, dd, ~6, 2 Hz), 3.78 (lH, s, l'-H), 3.58 
(3H, s, 2-0Me), 3.38 (3H, s, 11-0Me), 3.35 (3H, s, 1 1-0Me), 3.25 (lH, m, 
1-H), 2.56 (lH, m, 4-H), 2.20 (lH, m, 6-H), 1.74-1.10 (2H, m, 5-, 6-H), 0.70 
(3H, s, l'-Me), 0.66 (3H, s, 11-Me); m/~ 366 (M+), 338, 310, 282; (Found: 
C, 52.70; . H, 6.05. c16H22o6Fe requires C, 52.48; H, 6.06%) . 
. 
n 
19 3. 
This complex (0.4 g) was converted to the enone (241) by treatment 
with pyridinium chlorochromate as earlier described, purified by chromato-
graphy over Florisil (ether-hexane, 1:1), 83%; \) 1688 cm- 1, c5H(CC1 4), max. 
6.88 (lH, dd, ~ 10, 4 Hz, 3-H), 5.84 (lH, d, ~ 10 Hz, 2-H), 3.93 (lH, s, 
2'-H), 3.44 (6H, s, 2'-0Me's), 2.48-1.86 (5H, m, 4-, 5-,6-H), 0 . 86 (6H, s, 
l 1-Me' s); 111/~ 212.140 4 (M+) c12H20o3 requires M 212.141 2. 
The aldehyde could be rapidly regenerated by treatment of the acetal 
(241, 0.08 g) with Amberlyst 15 resin (0.1 g) in ether (10 ml) for 15 mins 
(95%); \) 1730, 1685 cm- 1; cSH(CC 14) 9.36 (lH, s, CHO); m/~ 166 (M+). max. 
5-(2'-0xocyclopentyl)-2-cyclohexen-l-one (238). Treatment of 3-
methoxy cation (12, 2 g) with cyclopentanone (4 ml) in ethanol at 80° for 
0 .5 h gave after chromatographic purification (Si02-petrol/ether; 9:1) 
tricarbonyl[(l,2,3,4-n)-2-methoxy-6-(l '-oxocyclopent-2'-yl)-1,3-cyclo-
hexadiene]iron(O) (238) (83%); \) 2045, 1975, 1738 cm- 1; c5 H(CC1 4) 5.12 max . 
(lH, dd, J 6, 2 Hz, 3-H), 3.62 (3H, s, OMe), 3.40 (½H , overlapping dd, ~ 
4 Hz, diastereomeric 1-H), 3.12 (½H, overlapping dd, ~ 4, 2 Hz, diastereo-
mer1c 1-H), 2.60 (lH, m, 4-H), 2.50-0.90 (10h, m, cyclopentanone ring 
protons, 5-, 6-H); irradiation at c5 5.12 caused the resonances at both 
+ 3.40 and 3.12 to col lapse to doublets (~ 4 Hz); m/~ 332 (M ) ; (Found: 
C, 54.14; H, 4.96. c15·H15o5Fe requires C, 54.24; H, 4.86%). 
-Treatment of this complex (238, 1.3 g) with Jones' reagent gave a 
colourless oil, purified by chromatography (Si02 
shown to be enone (239), (57%); \) 1740, 1690 
- max. 
- ether/petrol, 1: 1), and 
-1 
cm , cSH(CC l 4) 6. 84 
(lH, m, 3-H); 5.88 (lH, br d, ~ 10 Hz, 2-H), 2.60-1.30 (12H, m, remaining 
+ 
ring protons); m/~ 178.099 2 (M) (c 11H14o2 requires M 178.099 4). 
. 
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